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PEEFAOE. 



This treatise was prepared for the Star Brass 

Manufacturing Co., who are the sole manufacturers 

of the Star Improved Indicator. Although in a 

sense an advertisement of the new indicator, it is 

^ intended to be an unbiased statement of all the facts 

.*x needed by a purchaser of this indicator, whether 

^ unfamiliar with the particular form of instrument 

^ described, or with the general subject. It is intended 

also as a useful book of reference and instruction in 

the practical work of indicating. 

Most of the diagrams here reproduced were taken 

for the purpose of this treatise, using one of the new 

type of instruments, and nearly all were taken by 

the author. 

GEO. H. BARKUS. 

12 Pemberton Square, Boston. 
Jan. 1, 1903. 
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12 THE STAR IMPROVED INDICATOR. 

utility of the instruiueiit ; for one of tlie leading ob- 
jects sought in applying the indicator is to ascertain 
how and when these actions take place, and by that 
means to be enabled to judge of the degree of excel- 
lence obtained in the operation of the engine. 
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CHAPTER II. 

DESCRIPTION OF THE STAR IMPROVED 
INDICATOR. 

PTIINCIPAL FEATURES OF DESIGN. 

The leading features of this instrument will be 
seen at a glance by examination of the appended cut. 

Tlie Star Improved Indicator, like all the promi- 
nent instruments of this type which are its predeces- 
sors, consists of two main parts, — the steam cylinder 
and the paper drum. The steam cylinder being con- 
nected to one end of the engine cylinder, and the two 
being put in communication Avith each other, the 
indicator receives steam whenever the engine receives 
it ; and it is consequently subjected at all times to 
the same steam pressure as that within the engine 
cylinder. The indicator cylinder contains a piston, 
against which the force of the steam is expended ; 
and this force is resisted by the tension of a spiral 
spring placed above the piston. The upward and 
downward movement of the piston, as the steam en- 
ters and leaves the instrument, is transmitted through 
a piston-rod and a system of delicate multiplying lev- 
ers to a pencil. By means of the pencil the indications 
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of the instrument are registered. The paper drum 
carries a sheet of paper wrapped around the outside, 
and this is given a reciprocating motion derived from 
the crosshead of the engine. As the drum is moved 
back and forth, the pencil is brought to bear upon 
the paper, and the indicator diagram is traced upon it. 




Pig. 1. E2:terior View of Star Improved Indicator. 

In the Star Improved Indicator, the mechanism by 
means of which the above-mentioned operations are 
carried on, lias been designed with sjoecial reference 
to securing the lightest and most accurate recipro- 
cating parts consistent with excellent work, and the 
lightest and most accurate drum mechanism ; to the 
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end that the resulting combination may be as nearly 
perfect for its purpose as can be devised. 

To obtain the highest efficiency in indicator work, 
it is most important that the piston should contain 
no unnecessary weight of metal, and that the mode 
of attaching the piston to the lower end of the spring 
should be such as to reduce the total weight of metal 
at this point to the lowest possible amount. An in- 
strument that secures the least weight in the recip- 
rocating parts, is the one that possesses in this feature 
the highest superiority. It is also important that the 
connection between the piston and the spring should 
be one that, so far as possible, prevents binding or 
cramping of the piston in the cylinder and throwing 
it out of alignment. Moreover, the connection 
should not be rigid, but should be free to move in a 
direction at right angles to the axis of the cylinder, 
although having no movement in the direction in 
which the motion of the piston is transmitted. It is 
l)elieved that, in these matters, the design and con- 
struction adopted in the Star Improved Indicator rep- 
resent the advanced practice of the day. Another 
important matter upon which the high efficiency of 
an indicator depends, is the use of such a form of 
multiplication for the pencil mechanism, that not 
only does the movement of the pencil within its pre- 
scribed limits take place in art exact straight line, 
but the design should be such that it will be 
maintained in this rectilinear condition even after 
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the instrument has l)een subjected to considerable 
wear. It is best that the pencil mechanism should 
be self-contained, so to speak ; in other words, that 
when it is disconnected from the piston-rod, the path 
through which the pencil moves, when worked up 
and down by hand, is still a straight line by virtue 
of its own mechanism, irrespective of its attachment 
to the piston-rod. The Star Improved Indicator pos- 
sesses these desirable features. It is not only as effi- 
cient as such an instrument can be made when new, 
but it is of a character to maintain its high efficiency 
without undue deterioriation from age. 

The excellence of an indicator depends also, in a 
large degree, upon the design and construction of the 
drum mechanism, especially when useil on high-speed 
engines. The drum must be extremely light and 
well mounted, and the drum spring must be of a 
form which freely responds with a uniform tension 
whenever it is called upon to operate. The arrange- 
ment adopted in the Star Improved Indicator has 
l)een proved to be one of the best designs for secur- 
ing an accurate reproduction of the stroke of the 
piston of the engine. 

In the leading features referred to, the most effi- 
cient and l)est proved designs have been adopted 
in the Star Improved Indicator. In all the many 
details of construction this coui-se has also been 
followed ; and in those minor parts relating to con- 
venience of manipulation, special care has been 1x3- 
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stowed. Whether examined superficially, therefore, 
or made the subject of critical study, it has been 
planned to meet every test. 

Entering now into full particulars regarding the 
instrument, the various parts are described as 
follows : — 

THS CYLINDER AND ITS INTERNAL PARTS. 

Cylinder. — The parts which go to make up the 
cylinder, together with piston, spring, and mechan- 
ism inside, are fully shown in the sectional cut on 
thd following page. 

The cylinder consists of an outer shell, which 
forms a part of the main body of the indicator, and 
an inner shell, in which the piston operates. The 
inner shell is removable ; and it can readily be re- 
placed when it becomes worn by long use, without 
throwing away the whole instrument. The inner 
shell extends in one continuous piece of metal to 
the cap, and tl>e alignment for the movement of the 
piston is thereby perfectly maintained. This is one 
of the improved features of the indicator not found 
in some of its predecessors. The inside bore of the 
cylinder is carefully reamed to such size as to give 
an area of exactly one-half of one square inch, the 
exact diameter being .7979 inches. The interior 
cylinder at the lower end is comparatively thin, and 
it is surrounded by an annular space extending be- 
tween it and the outside case. This enables the 
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working part of the cylinder to ha free from any 
distortions that may result from differenee of expan- 
sion in tlie outer sliell, or from undue strain which 
may be brought to bear upon the body of the indi- 




Pig. 2. Sectional View of Star Improved Indicator. 

cator, insuring always a perfectly cylindrical form. 
The lower end of the outer shell is provided with a 
coupling by which tlie instrument is attached to the 
top of the indicator-cock. This coupling has a taper- 
ing end forming a ground joint, which the nut draws 
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down into the socket of the indicator-cock, making 
the connection perfectly tight. The nut has a right- 
hand thread, and it is provided with two projecting 
handles, by which it is turned. The luit is held in 
place by a shoulder on the coupling, so that it always 
preserves its position attached to the lower end of 
the instrument, no matter which way or how far it is 
revolved. 

The upper part of the interior cylinder is sur- 
rounded by a channel completely encircling the 
inner shell and communicating with it by means of 
a number of holes drilled through the metal. From 
this channel, openings tli rough the body of the outer 
cylinder carry away the steam and vapor which, in 
the process of operation, blows by the piston. The 
outer openings are led to a vent tube ; and the steam 
blowing from the tube can be turned in any direction 
desired away from the hand of the person who is 
using the indicator, thus overcoming the annoyance 
usually caused by the escaping steam and water 
where this feature is absent. This tube is not 
shown. 

THE PISTON. 

The piston consists of a thin cylindrical shell, 
open at the top and bottom, with a transverse w^eb 
across the center. It is made of tool steel, hardened, 
ground, and lapj)ed. At the center of the web is an 
opening which receives the hub of the piston. The 
hub is made of soft steel, and it is fastened securely 



20 THE STAR IMPROVED INDICATOR. 

to the web by a staking-tool. The hub has a 
threaded central opening running from end to end. 
To the top the piston-rod is screwed, and to the 
bottom, an adjusting-screw. The upper part of the 
hub is slotted so as to provide an opening for the in- 
troduction of the lower end of the spring. The slot 
is of slightly greater width than the diameter of the 
wire, so as to leave a certain amount of freedom of 
motion in a lateral direction. As the two parts into 
which the slot divides the hub have no connection 
at the top, they would be easily spread apart by the 
thread of the piston-rod and thereby become in- 
secure, were it not for the arrangement of the upper 
end, whereby a collar which forms a part of the 
piston-rod slips over the upper end when the rod is 
screwed into place, and holds the two parts in a 
secure position. The lower end of the piston-rod 
and the upper end of the adjusting-screw are made 
concave so as to form a cavity to receive the ball on 
the lower end of the spring, and thereby secure a 
ball-and-socket joint between the piston and the 
spring. The piston-rod being screwed down so that 
the collar bears solidly upon the top of the piston 
hub, and the adjusting-screw below being set so as 
to lightly touch the ball, as is done when the parts 
are properly connected together, the piston and rod 
are free to rotate a slight amount on the axis, and 
still have no sensible lost motion in a direction parallel 
to the axis. This feature provides a flexible connee- 
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tion between the piston and the spring which pre- 
vents binding produced by the strains in the spring 
itself that might otherwise occur ; and at the same 
time it is sufficiently rigid in the direction of the 
motion of the piston to transmit the movements 
desired. 

THE PISTON-ROD. 

The piston-rod carries the movement of the piston 
through the cap to the pencil mechanism above. It is 
made of tool steel, ground and lapped ; and this pro- 
cess is carried on at the same time that the piston to 
which it is attached is finished. As stated in the 
preceding section, the lower end of the rod, which is 
threaded, screws into a slotted socket in the top of 
the piston-hub ; and it is made concave at the lower 
end, where it bears against the ball on the spring. 
At the top of the threaded portion the rod is pi-o- 
vided with a collar, which encircles the two parts of 
the socket and holds them in place. At tlie same 
time the collar forms a shoulder which brings up 
solidly on the hub. A hexagonal nut is also pro- 
vided just above the collar, and a long socket 
wrench, slipping over the rod from the top, is used 
to screw the rod into place. 

The upper end of the rod is hollow and threaded 
to receive the swivel-head^ through which motion is 
communicated to the pencil mechanism. The swivel- 
head is a new feature in this instrument, and by its 
use any desired vertical adjustment of the position 
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of the pencil can be secured witliout removing the 
cap from the cylinder. It consists simply of a deli- 
cate thumb-screw, drilled from end to end, and 
mounted on a light shaft to which it is nicely fitted. 
The screw swivels upon tlie shaft, being held in 
position by the shoulder of a small stud, which is 
screwed into the lower end of the shaft. The beai- 
ing-surface of the screw is of considerable length, 
so as to prevent appreciable wear. I'sers of the 
indicator will find this a desirable innovation, for all 
that is needed to adjust the height of the diagi"am 
above the lower edge of tlie card is to turn the 
swivel with the thumb and forefinger the amount 
desired. The arrangement is clearly shown in the 
sectional cut. 

THE SPRINCJ. 

One of the most important parts of the whole 
instrument is the spring; for upon its correct action 
in resisting the motion of tlie piston, and the conse- 
quent movement of the i)encil, the accuracy and 
reliability of the indicator depend. The spring 
adopted in the Star Improved Indicator is believed 
to satisfy the requirements of a perfect instrument 
better than any other design, and it has proved its 
superiority during a long period of practical use. An 
enlarged view of the spring, separated from the 
remaining mechanism, is shown in the following cut. 

The spring consists ess^.ntially of only two parts, 
— one being the head, upon which the spring is 
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mounted, and the other, the coiled wire which forms 
the spring itself. There is no metal at the lower 
end save a small sphere or ball through which the 
wire passes and to which it is at- 
tached. The ball forms the point of 
attachment for the piston, and fur- 
nishes the ball-and-socket joint be- 
tween the spring and piston elsewhere 
referred to. This design provides 
the lightest construction of spring 
that can well be devised. When it 
is considered that the momentum of 
the mass of metal in the spring has a 
considerable effect upon the form of 
the diagram which the instrument 
produces, the importance of reducing 
the weight, especially at the piston end which 
moves over the longest path, is clearly realized. 
The wire of which the spring is made is continuous 
in one piece. Starting with the center, which forms 
the lower end, it is wound in a double coil to the 
top, the two free ends being attached to the head. 
The head has a central hole which is threaded, and 
four wings extending radially from the center. These 
wings are drilled with holes at the proi^)er points and 
in the proper helical direction to receive the coils, and 
when once adjusted, they are soldered into place. In 
the process of constructing and adjusting the spring 
to the proper scale, the wire coil is revolved around 
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the axis of the head, in o): out of the wings, until 
the desired scale is secured. The liead of the spring 
has a broad shoulder, and this is brought into solid 
contact with the bottom of the cap when screwed 
into place. The threaded portion screws upon the 
outside of the central piece projecting from the bot- 
tom of the cap. 

THE CAP. 

The cap, as its name signifies, is attached to the 
top of the cylinder, being screwed into the interior 
shell. The shoulder on the cap brings up solidly 
against the end of the cylinder, thereby fastening it 
securely in place. The shoulder serves also to hold 
in position the sleeve which carries the pencil mech- 
anism, enabling it to be revolved freely around the 
outside of the cylinder. The outer rim of the cap ex- 
tends slightly beyond the circle of the outside of the 
sleeve, and its surface at this point is milled so that 
it may be grasped between the thumb and forefinger, 
and readily unscrewed when it is desired to remove 
the cap from its place, as is done when the piston is 
oiled or the spring changed. This outside rim pos- 
sesses a new feature in indicator practice, being made 
of a non-conducting material for the protection of 
the fingers from being burned by the hot metal. 
Without this provision, the removal of the piston 
from the hot cylinder, as everyone familiar with in- 
dicator work knows, is attended with considerable 
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discomfort. A eentml hole is drilled in the cap to 
serve as a guide for the piston-rod which passes 
through it. No haixiened bushing for preventing 
wettiT is required, nor any specially nice fit, for the 
design of the pencil mechanism makes these unneces- 
sary. A strong interior hub projects from the bot- 
tom of th^ cap, which is threaded outside ; and to 
this the spring is attached, the upper end of the 
head being screwed solidly against the body of the 
cap. The top of the cap has a concave recess, which 
serves to receive oil and thereby keeps the piston-rod 
lubricated. 

THE SLEEVE OF THE PE^X^IL MECHANISM. 

The pencil mechanism is mounted upon a sleeve, 
w^iich encircles the top of the interior cylinder, and 
is held in place by the cap. The sleeve is so fitted 
that it can freely revolve, as requires to be done in 
the act of taking diagrams, without perceptible lost 
motion in any direction. There are two projections 
extending radially from the top of the sleeve, and 
these form supports for the attachment of the pencil 
mechanism. On one of these projections an adjust- 
ing-screw is attached, having a wooden handle and 
check-nut. This screw serves as a stop to prevent 
the mechanism from being brought to bear with too 
much force upon the paper drum, the end of the 
screw striking against a post which stands in a suit- 
able place on the' frame of the indicator. By means 
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of a set-screw with milled head the screw can be set 
firmly, so as to maintain any desired j)ressure between 
the pencil and the drum without the annoyance of 
readjusting every time a diagram is taken. 

THE 1»ENCIL MOVEMENT. 

The pencil movement, by means of which the re- 
ciprocating motion of the piston is transmitted in a 
straight line to the pencil, and there multiplied, con- 
sists essentially of three parts, — the pencil-arm, the 
back link, and the front link. These three parts are 
so proportioned, and the pins on which they are 
mounted so placed, that the i)encil moves in its 
rectilinear path irrespective of any connecting link 
between the piston-rod and the pencil movement. 
This is one form of pantograph motion which has 
been proved by long service to be most efficient and 
reliable. The degree of perfection with which the 
rectilinear motion is obtained in this arrangement is 
dependent solely upon the accuracy with which deli- 
cately turned pins can be fitted to reamed holes, and 
it goes without saying that such ccmstruction can be 
made well-nigh perfect. The pins and all other 
parts of the pencil movement are made of hardened 
steel, and their weight is reduced to the smallest 
amount consistent with proper durability and opera- 
tion. A fourth link, or connecting-rod, serves to 
transmit the motion of the upper end of the piston- 
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rod to the pencil-arm. The lower end of this 
rod is attached by a pin to the top of the swivel- 
head, which forms the upper end of the piston- 
rod. 

The pencil mechanism is so proportioned that the 
movement of the piston is multiplied at the pencil 
end of the lever six times. 

The standard i)eneil employed is a metallic mark- 
ing-point made of composition metal. It is provided 
with a shoulder and introduced backwards into the 
end of the pencil-arm, the pressure on the drum 
tending to push it securely into place. An alter- 
native arrangement consists of a threaded marking- 
point, having a milled head by which it is readily 
screwed into place, the inside of the cylindrical end 
of the pencil-arm being tai)ped to receive it. An- 
other alternative arrangement provides for the use 
of a pencil-lead in place of the metallic point. The 
end of the pencil-arm is made in the form of a small 
liglit cylinder, the axis of which is perpendicular to 
the drum. Where the marking-point is used, the 
metal at the marking-end is reduced in diameter so 
as to secure a suitably fine point without too frequent 
sharpening. 

The design of tliis j)encil movement is such that 
the pencil does not deviate from a straight line in 
any sensible degree, unless the extreme movement 
extends more than 1^ inches each way from the 
central position. 
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THE PAPER DRUM. 

The paper drum is carried by a stationary vertical 
shaft secured to the projecting body of the indicator. 
The drum proper consists of a very light hollow 
cylinder, closed at the top and provided with a central 
bearing. It is supported by the drum base, to which 
it is attached by a sliding-fit ; and tlie base revolves 
about the lower end of the shaft. The drum tluis 
has a bearing at both the top and bottom, and is 
always kept thereby in a line parallel with the 
indicator cylinder. The base projects below the end 
of the drum, and the periphery i^ grooved for the 
reception of the driving-coixl. The cord is attjiched 
to the base by carrying it through a hole in the 
metal and tying a knot on the inside. 

The drum-spring is of spiral form, like the thread 
of a screw ; and it encircles tlie vertical shaft within 
the drum. The lower end is mounted on a plate, 
which is securely fastened by screws to the drum 
base, and therefore revolves whenever the drum 
revolves. The upper end of the spring terminates 
in a head- piece, at the center of which there is a square 
hole, forming a socket which slips over a square 
section of the shaft, and thereby makes the upper 
end stationary. Above the square the shaft is of 
reduced cross-section. By lifting the head-piece a 
short distance, and clearing it from the square, it can 
be revolved, and by so doing either increase or 
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decrease the tension of the spring, as may be needed 
to insure the proper operation of the drum. The 
spring is prevented from unwinding by means of a 
stop, against which the base of the drum rests when 
there is no strain on the driving-cord. Wlien tlie 
driving-coi-d is pulled with sufficient force to cause 
the drum to revolve, it leaves the stop; and when 
the strain on the coi-d is removed, the tension of the 
drum-spring carries it back again to the stop. 

The outside of the drum is provided with two 
parallel spring clips, tightly fastened at the lower 
ends, and free at the upper ends, arranged so as to 
lie close to the cylindrical surface. By the use of 
these clips, the paper which surrounds the drum is 
held securely in place. The clips are made of 
different lengths for facility in handling. 

The driving-cord, which is attached at one end to 
the drum base, passes over the carrier pulley, which 
is mounted on an arm projecting from the body of 
the indicator. This arm is central with the axis of 
the drum; and it can be adjusted to any angular 
position with reference to it, being secured in the 
desired position by the milled check-nut below. By 
this means the driving-cord can be led off in any 
direction perpendicular to the axis of the drum. To 
provide also for leading the coi-d in any other direc- 
tion the carrier pulley is arranged to swivel around 
the line of the driving-cord, the circumference of the 
carrier pulley itself being tangential to the cord. By 
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a combination of tliese two motions, tlie cord can be 
led off from the indicator in any dii-ection wliatever. 
When once adjusted to the riglit position, the 
carrier pulley is held by means of a set screw with 
milled head. 

The diameter of the drum in the standard Star 
Improved Indicator is two inches, and the height in 
the clear for the reception of the indicator card is 
2 IJ inches. 

The cord used in the indicator is a braided linen 
cord with a straight core, being strong and durable 
and at the same time free from undue tendency to 
stretch. 

DETENT MOTION. 

The detent motion used on the Star Improved In- 
dicator is a novel and useful departure from the de- 
signs heretofore in common use. It is in the nature 
of a friction clutch or minute brake. The drum- 
base extends below the groove which carries the 
driving-cord, and a loose ball is brought to bear 
upon the periphery of this extension in the manner 
of a wedge. By turning a tliuml)-screw in one di- 
rection the ball is brought into contact with the base, 
and the motion of the drum is arrested, while a turn 
of the screw in the opposite direction releases the 
ball, and the drum is again set to work. The wedg- 
ing action takes plac^e only on the backward move- 
ment of the drum ; and cons(H|uently the motion is 
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arrested near the extreme end of the stroke, the cord 
becoming slack during the remainder of the stroke. 
The ball is placed in a suitable cavity made in the 
edge of a plate fastened on the body of the indicator, 
which also carries the releasing-screw. The edge of 
the base against which the ball acts has a shallow 
groove which the ball fits. 
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CHAPTER III. 
TESTING SrniNGS. 

The apparatus used in testing the springs of the 
Star Iniproved Indicator, has l)een constructed espe- 
(^ially for this work. Tlie springs are tested under 
steam pressure, and the recording mechanism is 
rjperated electrically. The instrumehts are attached 
to a horizontal steam-dmm which is provided with 
five indicator-cfK^ks standing vei-tically. Each hi- 
strunient is connected to electrical operating devices, 
of which there are two. One device actuates the 
jjencil movement, and brings the pencil into contact 
with the paper drum. The other device operates the 
drum motion, and revolves the drum a short distance 
forward and backward. These are both under the 
Hiiniiltaiieous control of an electric circuit made by a 
mercurial pressure gauge or mercury column con- 
nected to the steam-drum ; and whenever the circuit 
is completed a record is made automatically on the 
card, consisting of a line about one-eighth of an inch 
long, drawn parallel to the drum base. The general 
features of the steam-drum and electrical apparatus 
are shown in the accompanying cut. 

The circuit is made and broken whenever the 
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meniscus at the top of the mercury column passes 
certain contact points; and these points are deter- 
mined by setting a circuit controller, which is wired 
to all the points, at certain corresponding marks. 
This is done automatically for each pound pressure 
between and 10, for each five pounds pressure 
between 10 and 100, and for each ten pouhds pres- 
sure between 100 and 300 ; and either of these may 
be omitted by setting the controller either ahead or 
behind, as may be desired. 

The instruments being properly connected, and all 
parts heated and ready for operation, steam is ad- 
mitted to the drum, and the pressure is allowed to 
rise at a slow rate. The rest of the operation is car- 
ried on automatically, unless otherwise desii-ed, as 
noted ; and the instruments record the various pres- 
sures on the blank cards, through the whole range 
from zero to the extreme pressure desired. The en- 
tering supply of steam is then choked off, and the 
pressure allowed slowly to fall. Records are again 
made the same as before, excepting on a falling, in- 
stead of a rising, pressure ; and the whole range 
covered down to zero. There are thus obtained two 
records consisting of two rows of short parallel lines 
corresponding to the various pressures. If the two 
records are not coincident, the mean is taken for the 
true scale to be determined. 

For pressures below the atmosphere, the testing- 
drum is connected to a vacuum-pump. 



TESTING SPRINGS. 36 

Arrangements are being made to introduce in this 
connection a new feature which is an advance upon 
anything in this line yet inaugurated. It brings into 
use a method of test advocated by the Engine Test 
Committee of the American Society of Mechanical 
Engineers in the " Code of 1902." Instead of keep- 
ing a continuous pressure on the indicators during 
the progress of the work, the apparatus will be 
arranged so as to momentarily close and open the 
indicator-cock, and thus subject the instrument to 
alternations of pressure and exhaust much the same 
as in the practical operation of the indicator attached 
to an engine. 
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CHAPTER IV. 

CARB OF THE STAR IMPROVED INDICATOR, 

The same care, in general, should be exercised in 
handling the Star Improved Indicator as that ob- 
served with any instrument of this kind. Unless all 
the pai-ts are in proper adjustment and free to move 
in their required manner, the indications are liable 
to be distorted and the efficiency of the instrument 
reduced. All the bearing surfaces should be well 
lubricated, and there shouhl be no grit or foreign 
substances present to interfere with the fi*ee opera- 
tion of the parts. It is si)ecially imi)ortant that the 
cylinder should he clean and well lubricated, for 
there is more or less foreign matter carried into it 
with the steam received from the engine and the 
pipes leading to it. In using the instrument it is 
desirable to frequently remove the piston from the 
cylinder and make an examination of the parts 
within, if for no other purpose than to be assured of 
the clean condition of the interior of the cylinder 
and the outside of the piston. When this is done, it 
is well to introduce one of the fingers into the 
cylinder, and determine by the sense of touch whether 
there is grit on the inside, and also ascertain by 
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touch whether the outside of the piston is clean. 
Opportunity is afforded at the same time for oiling 
the piston. The best kind of lubricant for this pur- 
pose is a good grade of cylinder oil. When these 
examinations of the piston are made, it is well to 
revolve the piston back and fortli between the thumb 
and forefinger, holding the cap firmly in the other 
hand, so as to see whether the piston is free with 
reference to the spring, and that there is no unneces- 
saiy lost motion between the piston and the spring 
in the direction of the piston-rod. 

It is almost needless to say that the various pins 
and bearings al)out the pencil mechanism, drum, and 
carrier-pulley, should be frequently oiled and kept in 
good running condition, the same as in any delicate 
machine. For this purpose, either the porpoise oil 
furnished with the instrument, or some fine grade of 
machine oil, should be used. When the indicator is 
not in use for any length of time, it is well to remove 
the spring, carefully wipe it dry to prevent its rust- 
ing, and lay it away in its place in the indicator box, 
at the same time wiping the piston and cylinder dry. 

It is desirable to frequently work the drum mech- 
anism by hand, by pulling the coixi back and forth, 
to see that it runs smoothly. Any want of uniform- 
ity in the movement will reveal itself to the touch, 
if one is a careful observer of such mattei-s. It is 
important to examine the pencil mechanism and pis- 
ton from time to time, to see that these parts are in 
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proper working condition. For this purpose the 
spring should be removed from the cylinder, the 
piston replaced, and then the pencil-ann lifted with 
the finger to tlie end of its motion and allowed to 
drop back by its own weight. If all parts are free, 
and in proper condition, the mechanism falls back 
immediately and with no appearance of any resist- 
ance. The same tests should be made after discon- 
necting the piston-rod and then trying the pencil 
mechanism alone. This should hkewise fall with 
perfect freedom simply by its own weight. 

As an example of the effect produced by derange- 
ment of the parts, presence of dirt, or absence of 
proper lubrication, the following diagmm, Fig. 4, is 
given. The serrated fqnn of the expansion and 
compression lines and the sharp corner of the cut-off 
are sure indications of disorder. 

TO CONNECT THE SPRING. 

The piston-rod is disconnected at both ends, and 
placed in an inverted position within the lioUow 
socket wrench.- The spring being also inverted is 
slipped over the rod, and the ball placed in position 
on the concave end. Holding the wrench in the 
right hand, and thus supporting the piston-rod and 
spring, the piston is now taken in the fingers of the 
left hand and brought to its place ; the socket wrench 
is turned and the piston-rod finally screwed into its 
working position. The rod should be screwed up 
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solidly against the piston-center, so that the collar at 
the lower end of the rod may encircle its two halves 
and hold them securely. The adjusting-screw, wliich 
should be loosened while this is teing done, is now 
carefully turned until it brings up against the spring. 
While setting the adjusting-screw, it is well to hold 
the spring in one hand and the piston between the 
thumb and forefinger of the other hand, then turn 
the piston back and forth through the short range of 
its motion, at the same time carefully working the 
piston up and down in the direction of the axis. 
By continuing the adjustment until there is practi- 
cally no lost motion between the screw and the end 
of the piston-rod, without impairing the freedom of 
rotative movement, a satisfactory result will be 
secured. 

TO ADJUST THE POSITION OF THE ATMOSFHERIC 
LINE. 

Without removing any of the mechanism from its 
place in the indicator, the position of the atmos- 
pheric line — that is, the normal level of the pencil — 
can be adjusted by simply turning the swivel-head 
at the top of the piston-rod either to the left or to 
the right, as the case may be. This movement 
lengthens or shortens the piston-rod, and has the 
effect of carrying the whole pencil mechanism either 
up or down, as may be desired to bring the pencil 
into its proper place. This is a new and valuable 
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feature in the Star Improved Indicator, and it will 
be appreciated by parties familiar with indicator 
work. 

TO CHANGE TENSION OF DRUM-SPRING. 

It is a simple operation to change the tension of 
the drum-spring. First remove the drum by lifting 
it from the base on which it rests. Then raise the 
qiilled head of the drum-spring a short distance so 
as to clear the square on the shaft, and turn it be- 
tween the thumb and forefinger in the proper direc- 
tion to increase or decrease the tension, as the case 
may be, moving it first one-sixth of a turn, or one 
square, and then allowing the head to slip back into 
position. If a movement of one square is not suffi- 
cient, repeat the operation one square at a time until 
the desired tension is secured. 
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CHAPTER V. 

DIAGRAMS FROM STAR IMPROVED 
INDICATOR. 

The efficiency attained in the operation of an in- 
dicator is shown by the character of the diagrams 
which it produces. The general form of a diagram 
is dependent upon the engine and tlie conditions 
under which 4be steam i» distributed in the cylinder ; 
but the delicacy and smoothness with which the line 
of a diagram is traced and the various changes are 
indicated, depends upon the efficiency with which 
the mechanism of the indicator opeiates. To judge 
of the action of an instrument, it is better to see the 
original diagram just as it is traced by the indicator, .. 
rather than examine a printed reproduction ; but for 
the purposes of this treatise the latter course is the 
only one available. That a fair idea may be gained 
as to the character of its work a number of diagrams 
have l)een obtained Avith the instrument, some of 
which were taken for the special use of this book, 
and they are presented in the following pages. In 
the process of reproduction all the delicate changes 
of form of the original diagram have been followed, 
and as nearly a perfect reproduction as possible in 
such work has been obtained. 
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The diagrams were taken from a number of en- 
gines working under varying conditions, thereby 
representing a wide range of application. A careful 
examination of tliese illustrations shows that in all 
the points which i-eveal the efficiency of indicator 
action there is a marked degree of excellence. 

The names and sizes of engines from which the 
diagrams were taken, and their localities, are sum- 
marized in the following list : 

No. 1. 16" and 40" x 48" Horizontal Cross Com- 
pound Corliss Engine, at the Atlantic Mills, Provi- 
dence, R.I., built by the C. & G. Cooper Company, 
Mt. Vernon, Ohio. ;; 

No. 2. 18" X 48^Corliss Engine (H. P. Cylinder), 
at the Ipswich Mills, Ipswich, Mass., built by the 
Corliss Steam Engine Company, Providence, R.I. 

Nos. 3 & 4. 22^" X 18" Ball & Wood Engine at 
the W. Duke, Sons & Company Branch, American 
Tobacco Co., Durham, N.C. 

No. 5. 46" and 80" x 60" Vertical Corliss Com- 
pound Engine, at the 96th Street Power Station of 
the Metropolitan Railway Company, New York, 
built by the E. P. Allis Company, Milwaukee, Wis. 

No. 6. 26" X 48" (H. P. Cylinder) Corliss En- 
gine, at Charlestown Power Station, Boston Elevated 
Railway Company, built by the E. P. Allis Company, 
Milwaukee, Wis. 

No. 7. 28" and 50" x 48" Vertical Compound 
Engine, at the South Boston Power Station, Boston 
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Electric Light Company, built by Mcintosh, Sey- 
mour & Co., Auburn, N.Y. 

Nos. 8 & 9. 13 i"x 12" Westinghouse Standard 
Engine, at Boston Post Office. 

No. 10. 16" X 15" Steam Cylinder of an Air Com 
pressor, at the works of C. Brigham Company, Cam- 
bridge, Mass., built by tlie York Manufacturing Co. 

No. 11. 12" & 20" X 14" Compound Tandem En- 
gine (L. P. Cylinder), at Jordan, Marsh & Co., 
Boston, built by Ames Iron Works, Oswego, N.Y. 

No. 12. 101" ly 12" Duplex Comixjund Engine 
(H. P. Cylinder), at works of Wan-en Foundry & 
Machine Company, Phillipsbui-g, N.J., built by the 
American Engine Company, Bound Brook, N.J. 

No. 13. 22" and 40"x60" Cross Compound 
Corliss Engine, at works of Great Falls Mfg. Co., 
Soraersworth, N.H., built by the Corliss Steam En- 
gine Co., Providence, R.I. 

No. 14. 44" and 87" x 60" Vertical Corliss Com- 
pound Engine, at the Lincoln Power Station, Boston 
Elevated Railway Company, built by Westinghouse 
Machine Co., Pittsburg, Pa. 
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CHAPTER VI. 

HOW TO INDICATE AN ENGINE. 

ATTACHING THE INDICATOR. 

To a person who is familiar with the use of an in- 
dicator, whether it be of one make or another, it is 
needless to give instructions as to how an engine 
should be indicated ; but for a beginner certain di- 
rections are required, and it is for the instruction of 
persons unfamiliar with the precise steps to be fol- 
lowed that the subject is taken up in some detail. 

The first thing to be considered is the place and 
method of attaching the indicator to the cylinder. 
It has come to be a practice in engine-building to 
provide tapped holes at each end of the cylinder for 
the attachment of an indicator, before the engine is 
shipped from the manufactory ; and in most cases 
therefore, especially on new work, there is no occa- 
sion for selecting a place for drilling the indicator 
holes, for these have already been provided, and gen- 
erally provided in a proper location. It may as well 
be said, however, that in an engine which is not 
drilled for this purpose, the indicator holes should be 
located at a point which, if possible, is beyond the 
stroke of the piston ; so that when tlie piston reaches 
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the end of the stroke, it will not project beyond the 
hole, and prevent a free access of steam to the indi- 
cator-pipe at the very beginning of the stroke. Gen- 
erally speaking, if the hole is located so that its cen- 
ter lies in the plane of the free clearance space 
between the cylinder-head and the face of the piston 
at the end of the stroke, it will secure the desired 
results. This presupposes that the location is on the 
side or barrel of the cylinder, and not on the cylin- 
der-head. In some classes of engines, it is conve- 
nient to locate the hole by drilling through the cylin- 
der-head. If this is done, it matters little what part 
of the cylinder-head is selected, and the best place is 
the one Avhich will secure the most convenient at- 
tachment of the driving-gear. In some engines it 
requires the exercise of good judgment to locate the 
indicator ; but as a rule the piinciple to be followed 
is to place it where it will be in free communication 
with the working steam in the cylinder at every 
point of the stroke. 

Th^ ihost approved method of connecting the in- 
dicator to the tapped hole in the cylinder, is to use a 
straight pipe having just sufficient length to pass 
through the lagging surrounding the cylinder, and 
provide the outer end with a straight coupling for 
the reception of the indicator- cock. If this con- 
nection is on the side, it places the indicator in a 
horizontal position, which is rather less handy for 
manipulation than the vertical position ; but it pro- 
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vides a j)2rfectly straight connection with the steam 
in the interior, which is of considerable advantage. 
Some prefer, however, even in this location, to use 
one right-angle elbow for the reception of the indi- 
cator-cock, so that the indicator can stand in a verti- 
cal position, as in this position it can be the most readily 
manipulated. On the whole, there is no special ob- 
jei'tion to the latter an-angement, for the influence 
of one ellK)w attached to a short pipe is hardly notice- 
able. In any case, it is highly important, if accurate 
results are to l)e obtained, to place the indicator 
close to the end of the cylinder, using an independent 
instrument for each end. The use of a single indi- 
cator on a three-way cock attached to the center of 
a pipe connecting the two ends together, produces 
erroi-s in the form of the diagram ; and this should 
not l)e employed for accurate work, unless the efl^ect 
of these errors is determined and correction made for 
them. If only one indicator is available for use on 
the cyliuder, and accuracy is desired, it is best to 
tixke the diagrams alternately from the two ends, 
transferring the instrument from one end to the 
oilier. 

Whenever the indicator-pipes are first attached, or 
whenever they have remained unused for any length 
of time, they should be blown out thoroughly by 
opening the indieator-coek, this being done before 
attaching the instrument, so as to remove grit or for- 
eign material that may be present. If this precau- 
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tion is overlooked, the indicator cylinder is sure to 
become foul. 

THE DRIVING-RIG, OR REDUCING MOTION. 

Having attached the indicator to the cylinder, the 
next thing is to provide means for driving the paper 
drum ; that is, for obtaining the reduced motion 
which represents the stroke of the piston. Many 
engines are provided with indicator driving mechan- 
ism when first built in the shop; such apparatus 
being intended for permanent use. Where it is 
already provided, nothing more is required than to 
connect the indicator driving-cord with the cord 
which leads from the permanent motion, and the 
process of indicating becomes a simple matter. A 
word of caution should be offered here, however, in 
regard to permanent driving-rigs which have become 
worn or otherwise unfit for use. Before taking 
diagrams, therefore, a careful examination should be 
made of the driving-rig, to determine whether it is 
in proper condition for accurately reproducing the 
piston's motion. If there is lost motion due to wear, 
or if the mechanism does not run freely and 
smoothly, giving evidence of being in improper 
adjustment, the defects should be ascerUiined and 
remedied before dependence is placed upon the 
diagrams. Too much care cannot be exercised in 
this preliminary examination of the driving-rig, for 
upon the accuracy of the reducing motion, next to 
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the accuracy of the indicator itself, the reliability of 
the entire work depends. 

In the absence of a driving-rig which forms a 
permanent attachment to the engine, there are a 
variety of ways in which the reduced motion of the 
pij)er drum can be obtained. The best plan will 
readily suggest itself if the principles to be followed 
are understood. The leading principle involved, is to 
so reduce the reciprocating motion of the cross-head 
to tlie limits of the motion of the paper drum, that 
a correct reproduction shall be obtained on the 
reduced scale. 

One method which can be easily arranged for a 
temporary apparatus, consists of a reducing lever 
made of wood, and mounted at one end so as to 
oscillate back and forth like a pendulum, and con- 
nected at the other end to the cross-head. Any desired 
reduction in motion can be obtained by attaching the 
driving-cord at a greater or less distance from the 
IK)int of support, the cord being carried over a pulley 
to obtain the desired direction of motion. To make 
the apparatus correct, the supporting end should be 
provided Avith a sector having the desired radius, and 
the driving-cord led off from the periphery of the 
sector in a plane parallel with the plane of motion 
of the lever. The cord can in many cases be led 
directly from the sector to the indicator without an 
intervening pulley. The opposite end of the lever 
should be attached to the cross-head by a short 
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connecting-rod. The lever itself should be short, 
say twice the length of the stroke, so as to avoid the 
use of long stretches of cord. It is important that 
the point of support for the lever should be abso- 
lutely rigid, and that the screw or bolt on which the 
lever is mounted should be well fitted so as to pre- 
vent all lost motion. The appended cut, Fig. 5, 
shows how such a temporary rig can be constructed. 




Fig. 5. Reducing Motion for Horizontal Engine. 

The principle embodied in this arrangement is 
frequently made use of for a permanent driving 
mechanism on horizontal high-speed engines. The 
support for the vibrating lever consists of a short 
horizontal shaft mounted at the top of a vertical iron 
standard which is attached to the frame of the 
engine. The lever is fastened to one end of the 
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shaft and the sector to the other end, the bearing 
lying between them. 

PANTOGRAPH, OR LAZV TONGS. 

The most satisfactory reducing motion for tem- 
porary use on many engines, es^jecially those of the 
Corliss horizontal type, is the pantograph, or " Lazy 




Pantograph, or Lazy Tougs. 



Tongs," so-called, a cut of Avhich is sliown in Fig. 
6. It derives the name of " pantograph " from the 
drawing-instrument of that name which produces 
a mathematically exact reproduction of the motion 
of the working end. The apparatus is made of 
strips of wood, fastened at the ends and centers with 
hollow brass pins having riveted heads. One end is 
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stationary ; and at this end there is an iron stud, or 
pivot, upon which the apparatus turns. The other 
end is attached by another iron stud to the 
cross-head of the engine, and moves back and forth 
with it. A wooden cross-bar, which can be adjusted 
to any desired position, carries the pin which is the 
focus of the reduced naotion ; and to this is attached 
the driving-cord which works the indicator. The 
cord-pin is always located in a straight line between 
the two studs at the ends of the pantograph. The 
range of adjustment of the cross-bar is such, that 
when placed in the first hole tb.e movement of the 
cord-pin is -^^ of the stroke of the engine ; when 
placed in the second hole, -^.^ ; in the third, 
about -^Q ; and in the fourth, | . The joints are 
made hollow, so that when they become loose they 
can be tightened by driving in a tapering mandrel 
and expanding them. 

The manner in which the pantograph may be at- 
tached to a horizontal engine for temjx)rary use is 
sliOAvn in plan in Fig. 7. 

Here the pantograph works in a horizontal plane, 
and the stationary end is attached to an angle-iron 
screwed to the side of a post which is placed in 
front of the cross-head. This post is mounted on a 
base-board which is fastened to the floor, and is held 
securely in place by two braces. A second post 
mounted on the same base, and secured by a third 
brace, furnishes the support for a swivel pulley over 
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Fig. 7. Pantograph attached to Horizontal Engine. 




Fig. 8. Stand for Pantograph. 
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which the cord can be led in whatever direction the 
position of the indicator requires. This last, how- 
ever, can be omitted if, as sometimes happens, the 
pantograph can be so adjusted as to height and hor- 
izontal position that the cord can pass directly to the 
indicators in a line parallel with the motion of the 
piston. A front view of the double-post wooden 
stand referred to is shown in Fig. 8. 

The pantograph can also be used in a vertical po- 
sition, where convenience of location may make this 
position more satisfactory. 

REDUCING-AVHEEL. 

A popular form of reducing motion which has 
come into quite extensive use, is the reducing- wheel. 
Sometimes this apparatus is made a part of the in- 
dicator mechanism, being attached to the body of 
the indicator ; and sometimes it is separate, and at- 
tached to the frame of the engine. 

An iron arm is attached to the cross-head extend- 
ing far enough forward to be in line with the wheel, 
and this is jxjrmanently connected. Whenever a 
diagram is to be taken, the driving-cord of the re- 
ducing-wheel is thrown over the end of the arm 
without stopping or slowing the speed of the engine, 
and the wheel is thus set to work. The indicators 
are then handled the same as with any reducing 
motion. When the diagrams have been obtained. 
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the conl is unhooked from the cross-head arm, to 
prevent undue wear. 

DKIVIXG-CORD. 

The best kind of coixl in the market for indicator 
work, consists of a braided linen surface surrounding 
a straight linen core, the outside diameter of the 
whole being about -^^ inch. Any coixl which is free 
from liability to stretch is suitable for this purpose. 
In any case, however, it is desirable to confine the 
use of all such material to short distances, and so far 
a* j>os&ible-, t^ emi)loy a fine annealed wire. Brass 
wire having a diameter of ^^ of an inch is an excel- 
lent material. 

To avoid the annoyance arising from tangling of 
the cords, when these are being hooked and un- 
hooked, it is well to keep the coixl taut by hooking 
the end to a spiral spring when it is unhooked from 
the indicator, the spring being attached to the 
lagging of the cylinder at some point where it may 
be conveniently reached for the purpose. Or the 
cord may be continued beyond the loop by which it 
is attached to the indicator, and fastened perma- 
nently at some point, leaving sufficient slack line so 
as not to interfere with the manipulations when the 
cord is hooked on and the diagrams are being taken. 
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CHAPTER VII. 

HOW TO TAKE A DIAGRAM. 

A BLANK card is carefully attached to the paper 
drum, first slipping one corner under the spring clip 
which is the higher of the two, aud then catching 
the opposite corner under the shorter clip. By pull- 
ing downwards with the thumb and forefinger of one 
hand, and keeping the card pressed up against the 
surface of the drum with the fingers and palm of the 
other hand, the whole card is carefully drawn into 
its place at the bottom of the clips. The paper 
is smoothed with the hand around the drum, and at 
the same time the ends wliich lie under the clips are 
pulled taut so as to make the card lie snugly against 
the cylindrical surface at every point. By tightly 
gripping the two ends which project beyond the 
clips, and giving them a suitable pull, the desired 
result can readily be obtained. The driving-cord is 
then adjusted so as to give tlie drum a motion which 
is central with reference to its complete throw. The 
diagram will then occupy a central position between 
the two ends of the card. The indicator-cock is 
now opened for the purpose of warming the parts 
preparatory to the later operations. This ought to 
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lie done immediately before taking the diagram, even 
if to the sense of touch the indicator appeai-s to be 
already well heated, because considerable steam will 
condense every time liie indicator is brought into 
use. Half a dozen revolutions of the engine are 
generally sufficient to thoroughly heat the instru- 
ment. It is well not to operate it any longer than 
necessary, so as to save undue wear. Having been 
lieated, the steam is shut off, and the pencil or mark- 
ing-point is brought into contact with the drum by 
jjressing against the handle of the adjusting-screw. 
By this operation the atmospheric line is traced. If 
the screw has not already been adjusted so as to pro- 
duce a satisfactorily clear line, it is turned one way 
or the other as the case may be, until the line is 
Hutficiently distinct. It is assumed that the marking- 
I)oiiit has previously been sharpened, so that the 
mark is clearly defined. The atmospheric line being 
traced, the cock is again opened and allowed to 
admit steam for two or three revolutions. Then the 
ptiucdl is swung into position by again pressing the 
finger on the stop-screw, and there held until the 
diagram is taken. The cock is then closed. As a 
check upon the correct position of the atmospheric 
linci, the pencil should again be applied to the drum 
and another line traced, which should be superposed 
upon the original line. The card is then removed 
from the drum by pulling upward on the projecting 
edges. 
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For the purpose of ordinary indicator work the 
pencil should be applied to the paper a sufficient 
time to cover half a dozen revolutions of the engine. 
Most governors are more or less fluctuating in their 
action, and in many cases the load is far from being 
uniform ; so that it becomes necessary to record more 
than one revolution in order to be sure of obtaining 
an average indication of the operations going on in 
the engine cylinder. If the object of taking the 
diagram is simply to ascertain how the valves are 
set, the record of one revolution is sufficient. 

Immediately after taking the diagram, the steam 
and vacuum gauges at the engine should be oli- 
served, the number of revolutions per minute 
counted, and a record of these observations noted on 
the face of the card. For purposes of reference a 
record should also be made of the date and hour 
when the diagram is taken, the end of the cylinder, 
the number of the spring, and any other memoranda 
which bear upon the objects for which the engine is 
indicated. The records on each card should be care- 
fully made before another diagram is taken, for this 
is the only means of identifying the diagram when 
reference is subsequently made to it. 
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CHAPTER VIII. 

DESIGNATION OF THE VARIQUS LINES OF 
THE DIAGRAM. 

Ix a well-formed indicator diagram, there are 
certain lines or parts of the diagram which have dis- 
tinct features, to which indicator practice has a|> 
plied certain names. These lines ai*e more or less 
clearly defined, even when the diagram is not well 
formed; but for the purpose of showing what thej- 
are, and identifying them without question, refer- 
ence may be made to a hypothetical diagram, illus- 
trated in Fig. 9. 

The portion A B of the diagram, which is traced 
while the steam is being admitted into the cylinder 
l)efore the piston starts on its forward stroke, is 
called the admission line. The portion B C, traced 
while the steam is being admitted after the piston 
begins its forward stroke, is called the steam line. 
Tlie portion D E, which is made after the steam 
ceases to enter the cylinder, and during the time it 
is simply expanding, is called the expansion line. 
The part F (i, which is traced on the return stroke 
while the steam is being exhausted from the cylin- 
der, is called the exhaust line, or hachpressnre line ; 
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and the part H A, which is made after the exhaust 
valve closes, and before the steam is again admitted 
to the cylinder, is called the compression line. The 
corners " C D," " E F " and " G H," which connect 
these various lines together and merge one into the 
other, have received no special names. In an abso- 
lutely perfect engine, where the valves may be 




Fig. 9. 

assumed to operate without loss of time, these 
rounded comers would become sharp and clearly de- 
fined, and the connecting line referred to would dis- 
appear. The atmospheric line I J is the line which 
is traced when the indicator-cock is shut. 

The points of ciif-off^ release^ and compression are 
shown respectively at the points " D," " E," and 
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" H." The point " D " lies at the point representing 
the portion of the stroke completed when the cut^oflf 
valve is completely closed ; the point " E " lies at 
the point where the exhaust valve begins to open : 
and the point " H," where the exhaust valve is com- 
pletely closed. 

As regards the point of cut-off, the Engine Test 
Committee of the American Society of Mechanical 



Pig. 10. Location of Commercial Cut-off. 

Engineers have introduced a new term called the 
" Cirmmercial Cut- Off ^' for use in engine specifica- 
tions and contracts, the location of which is shown 
in Fig. 10. 

The Commercial Cut>Oft is found by drawing a 
line parallel to the atmospheric line, through a point 
showing the maximum pressure during admission. 
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Then through the point on the expansion line, corre- 
sponding to the point of "cut-off" in Fig. 9, a 
hyperbolic curve is drawn until it intersects the line 
just referred to. The point of intersection of the 
two lines is called the " Commercial Cut-Off." 
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CHAPTER IX. 

THE USE OF THE INDICATOR FOR 
SETTING VALVES. 

The diagram given as an illustration in Fig. 9 
exhibits the result produced where the valves of the 
engine perform their functions in what may be 
termed a perfect manner. There are all soils of mal- 
formations of the diagram due alone to derangement 
of valve-setting, and one of the most useful and 
widely recognized applications of the indicator is the 
determination of the condition of the engine with 
respect to this important matter. When this con- 
dition has been learned, the indicator diagram sei*ves 
as a guide in correcting improper adjustments. By 
carefully changing the position of eccentrics and 
length of valve-rods, and making other adjustments 
depending on the design and arrangement of the 
valve mechanism, almost any desired form of diagram 
can b3 secured. 

In making adjustments of valve-setting on an en- 
gine which lias been long in service, care should be 
observed that the alterations are not injurious rather 
tlian beneficial. For example, the diagram may show 
too little "lead" of the steam-valves ; that is, instead 
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Fig. 11. Diagram Taken before Adjusting Valves. 




Fig. 12. Diagram Taken after Adjusting Valves. 
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of being perpendicular to the atmospheric line the 
admission line leans away from it, and at the upper 
end it merges into the steam line l)y a curve. When 
this is corrected by making earlier admission, the 
piston receives the force of the steam with greater 
rapidity, and if the main connections are run loose 
there is some likelihood of there being a knock as the 
engine passes the dead center. If the knock cannot 
be prevented by compression or by properly keying 
up the connections, it is best to revert to the former 
conditions of late lead. Again, it is unwise to reset 
a valve which has run a long time without refitting, 
if the change involves an increase or decrease of 
"Lap." After long wear the valve is likely to have 
worn into the seat, leaving a slioulder or ridge at the 
end of its tlirow. If the valve, in its new position, 
]-ides over this point, leakage will result which might 
offset all the advantage sought. 

The utility of the indicator for setting valves may 
be clearly illustrated by examples taken frorii prac- 
tice. Fig. 11 shows a diagram from a single cyl- 
inder non-condensing engine of the four-valve type 
in which the valves were badly out of adjustment, 
and Fig. 12, one from the same engine after the 
valves had been reset. The derangement of the 
valve-setting in the first was so great that the only 
resemblance between the two diagrams lies in the 
form of the expansion line. All the other lines are dis- 
torted almost beyond recognition. The changes in 
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Pig. 13: Diagrams Taken before Adjusting Valve. 
Scale 40. Head End. 




Crank End. 
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Fig. 14. Diagrams Taken after Adjusting Valve. 
Scale 40. Head End. 




Crank End. 
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the setting of the valves, by wliich the improvements 
were effected, consisted in moving the eccentric 
which drives the steam-valve so as to cause a con- 
siderably quicker opening of the valve, also moving 
the eccentric which operates the exhaust-valves so as 
to secure earlier release, and changing the exhaust- 
valve rod so as to obtain still earlier release, and at 
the same time, later compression. 

Another illustration of valve-setting is given in 
Figs. 13 and 14, which show diagrams taken from 
the two ends of a high-speed single-valve engine 
cylinder, the first set being taken before, and the 
second after, adjustment. In the first set, Fig. 13, 
the valve was lapped so far over the head-end port 
that this end received no live sttmm whatever; and 
the diagram has a negative area, tlie upper linel)eing 
the exhaust and compression line, and the lower line 
the expansion line. 

For the second set. Fig. 14, the lap of the 
valve on the two ends was equalized, no other change 
being made ; and the diagrams at the two ends be- 
come nearly alike, and their form and area are greatly 
changed. 
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CHAPTER X. 

WORKING UP DIAGRAMS. 

One of the principal objects of "working up" a 
diagram is to determine the mean pressure on the 
piston of the engine for use in computing the horse- 
power. The pressure obtained is what is called the 
" mean effective pressure " ; that is, the difference be- 
tween the average pressure of the forward stroke 
and that of the return stroke. This is most conve- 
niently found by using an instrument called a 
" planimeter." By means of the planimeter the area 
inclosed within the line of the diagram is the first 
thing obtained, this being registered on the gradu- 
ated scale of the instrument in terms of square 
inches. The mean effective pressure is then found 
by calculation ; the method being to divide the area 
by the length of the diagram, and multiply the 
quotient by the scale of the indicator-spring which 
was used when the diagram was taken. Suppose, 
for example, that the area of the diagram is 5 sq. in., 
the length 4 in., and the scale of the spring 40 lbs. 
per inch. The mean effective pressure is found by 
dividing the area, 5, by the length, 4, and multiply- 
ing the quotient, 1.25, by 40, which gives 50 lbs. per 
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square inch. The manner of using the phmimeter is 
described in the next section. 

If it is desired to ascertain the mean effective 
pressure without the use of the planimeter, it can 
be done by marking off on the diagram a number of 
parallel lines perpendicular to the atmospheric line, 
and ascertaining the average height of the diagram 
by measuring each of these lines and taking their 
average. The use of the planimeter, however, has 
become so common that it seems hardly necessary to 
give any careful directions for making the determi- 
nation in this way. 

HOW TO USE THE PLANIMETER. 

The appended cut (Fig. 15) represents the Amsler 
Polar Planimeter when placed in a position to deter- 
mine the area of a diagram. 

It consists of the two arms " A B *' and " B C " 
pivoted at '' B," the arm "B C" being provided 
with a measuring- wheel " D " and a vernier " E." 
When in place, the instrument rests on the two 
points " A " and " C " and on the edge of the wheel 
"D." The point "A" is a needle-point; and it is 
pressed into a board or table on which the apparatus 
rests, the whole instrument turning around this 
point. Attached to the end " C " is a tracer or 
pointer, the wire of wliich is drawn down to a small 
diameter. The extreme end, although sharpened, 
is sufficiently smooth to slide freely over the paper 
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beneath it. The whole apparatus rests on a piece of 
smooth paper fastened to the table ; and the caid, the 
area of which is to be determined, is placed beneath 
it in the position shown, and either held to the boani 
by thumb-tacks or by the pressure of the fingers. 
At the start the two arms are set at an angle of 
about 90°, with the diagram extending equal distances 
on either side, so that as the tracing-point is moved 
over the diagram, it may cover the whole range with- 
out making the angle at " B " too sharp at one end 
or too great at the other. In using the instrument, 
tlie tracer is pressed into the card so as to make a 
slight indentation at the point where the start is 
made. Tins being done, the wheel is carefully 
turned by the finger until the zero pohit of the 
wheel stands opposite the zero point on the vernier. 
In turning the wheel for this purpose, the weight of 
the instrument should be overcome by lifting slightly 
with the forefinger, and turning the wheel with the 
thumb. The tracing-point is then carefully moved 
over the line of the diagram, the direction always 
being that of the hands of a Avatch, as shown by the 
arrow in the cut. If, through the unsteadiness of 
the hand, the tracer moves to one side of the line of 
the diagram, it is well to allow it to move about the 
same amount to the other side, in order that the area 
traced shall be the same as though it had remained 
exactly on the line throughout the whole operation. 
AVhen the diagram has been completely covered, the 
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tracer is broiiglit back to the sUirting-ix)int and 
dropijed into the indentation in the paj)er made at 
the starjt. The area of the diagram is tlien found 
by reading the marks on the wheel and vernier. 

Whole numbers of square inches are indicated bv 
the numbers on the wheel, and the divisions between 
the whole numbers re[)resent lOths of a square inch. 
To find the lOOths of a square inch, an approximate 
indication can be obtained by dividing with the eye 
the distance between two consecutive 10th marks. 
To do it accurately, tlie reading of lOOths should be 
taken from the vernier. It is found by running the 
eye along the vernier scale to a division which is in 
direct line with the division on the wheel. The 
number of lOOths is the number representing this 
division on the vernier. Referring to Fig. 16, which 



lO. 
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Wheel. 



Fig. 16. Enlarged View of Vernier. 

is an exact reproduction of the scales enlarged, the 
whole number is 3, the lOths 3, and the number of 
the mark in the upper division reckoned from zero 
on the vernier, which is in line with a division on the 
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wheel, is 7, which gives the lOOths. Consequently, 
the area shown is 3.37 sq. in. 

Having determined in this way the area of the 
diagram, and recorded it on the card, it is well to 
go over the diagram a second time in the same man- 
ner as before, but witliout moving the wheel back to 
zero, and thus ascertain whether the first operation 
is correct. When the second complete circuit has 
been made and the tracer returned to the starting- 
point, the reading on the wheel should be just twice 
the area found by the first operation. In other 
words, in the example referred to, the first indication 
being 3.47, the second should be 6.94. If the two 
do not check each other with either exact or sub- 
stantial accuracy, the operation should be repeated 
from the beginning, and continued until two consecu- 
tive circuits result in substantially tlie same determi- 
nation. 

The instrument descril)ed is the simplest form of 
Amsler planimeter built, and answers all the re- 
quirements of ordinary indicator work. jMore 
complicated instruments are made, in which the 
mean effective pressure can be read directly from 
the measuring-wheel, provided the scale of the 
spring is some fixed number; but it is needless 
to describe them hei*e. 
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( HAPTKR XL 
COMrUTATION OF HORSS-rOWER, 

Thk iiuHcaUir diagram fiiniishesthe means for de- 
U'niiiniiig what is called the " Indicated Horse- 
Prnver " of an engine ; that is, the power generated 
hy the force of the steam within the cylinder. The 
diagram reveals the [iressure of the steam at every 
p )int of the stroke ; and the work done hy that pres- 
sure in a given time, measured in foot-pounds, is the 
product of the pressure or force in pounds multi- 
plied by the distance in feet through which it moves 
in that time. If the time is one minute, then the 
liorHe-j)owcr <leveloped is the numl)er of foot-pound.* 
of work (lone divided hy 38,000. Using the "mean 
effective pressure" for the force expended, the 
result expresses the average horse-power exerted by 
tin- working of the steam in the cylinder. 

A formula for c()mj)uting the indicated horse- 
power which vnn be easily remembered, is one which 
(Miibodies the use of the letters in the word "Plan" 
as numerator, and the figure 83,000 for the denomi- 
nnlnr ; that is, 

nu icat.ed llorse-imwer s= 
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111 this formula, " P " is the mean effective pressure 
obtained from the indicator diagram ; " L " is tlie 
length of the stroke o£ the engine in feet ; '* A " is 
the area of the cylinder in square inches ; and " N " 
is the number of strokes made by tlie piston per 
minute, which is twice the number of revolutions 
of the shaft per minute. The numerator, PLAN, 
formed by the product of the various quantities re- 
ferred to, represents the number of foot-pounds of 
work done by the steam per minute. The denomi- 
nator, 33,000, is the numl)er of foot-pounds of work 
per minute representing one horse-power. 

For example, if the pressure determined from the 
diagram is 50 lbs. per square inch, the net area of 
the cylinder, 400 sq. in., the length of the stroke, 5 
ft., and the number of revolutions per minute, 75, 
we have, 

r>0 X 5 X 400 X 2 X 7r> ^^^ ^. . 

= 454.54 liorse-power. 

The area " A '' is the net area obtained by sub- 
tracting the area of the piston-rod from the area of 
the cylinder-bore. For accurate work, the computa- 
tion should be made independently for each end of 
the cylinder, and the mean of the two results taken 
for the average power. No material error, however, 
is ordinarily produced by taking the mean area of 
the two ends, and the mean pressure exerted at the 
two ends, and making one computation. In this 
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(:HAe the mean net area t«> Ije n^t^l in a eylin«ler 
having no tail-nj«i is the area left alter Jetlaeting 
one-half of tlie area of tiie nA iruin the area of the 
eviinrler l>ore. 

If the en^ne ha.s more than one cylinder, the 
])fyweT is to Ije coinj>nte<l for each eyiiniler, and 
the individual results adrle<l t«>gether, to determine 
the [K>wer develo[ied by the whole engine. 

HflKSE-POWEi: roXSTANTS. 

In working out the horse-i>ower in the manner 
just ex[ilaine<], it is to l)e noted tliat the quantities 
represented hy the symlKiLs " L "' and -* A "remain 
tlie Hame in any given engine, whatever changes may 
(K.'cur in the mean effective pressui-e and number 
of revolutions per minute. Consequently, the part 

of the fonnlua tt^^^ is a constant quantity, and, 
38,000 * 

when once determined, the liorse-power may be 

found by multiplying this quantity by the mean 

(5flf'e('tiv(5 j)ressure and by the speed. This constant 

(juantity is termed the "horse- power constant." It 

may be defiiKMl as the horse-i)Ower developed by the 

(nigiijo whcni the piston-speed is one foot per minute 

jind tli(5 mean effective pressure one pound per 

srpiaro in(;li. 

Vjirious liorse-power constants corresponding to 

different sizes of. cylinders will be found in Table 
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No. 2. In this table the constant is given for a 
piston-speed of one foot per minute and not for any 
definite number of revolutions per minute. To de- 
termine the constant for any desired number of rev- 
olutions, the quantities are multiplied by the number 
of feet per minute which the piston actually travels, 
determined by multiplying twice the length of the 
stroke in feet by the number of revolutions per 
minute. For example, suppose the diameter of the 
cylinder is 30 inches, the horse-power constant in the 
table is .02121. If the length of the stroke is 5 ft., 
and the number of revolutions per minute 65, the 
piston-speed is 5 x 2 x 65 = 650 feet per minute, and 
the horse-power constant for that speed is .02121 
multiplied by 650 = 13.786. 

In this connection, for convenience of reference, 
Table No. 3 is presented, giving the horse-power de- 
veloped by different sized cylinders under different 
conditions of piston-speed and mean effective pres- 
sure. The speeds selected are 400, 500, 600, and 
700 ft. per minute and the pressures 1 lb., 10 lbs., 
and 50 lbs. If it is desired to find the horse-power 
developed in any of these cases, for other mean effec- 
tive pressures, it is simply necessary to take the 
figure given for the cylinder in question at 1 lb. m. e. 
p., and multiply it by the number of pounds m. e. 
p., required. For example, the H. P. constant for a 
30-inch cylinder with a speed of 600 feet per minute, 
and 1 lb. m. e. p., is 12.726. At 40 lbs. m. e. p., the 
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re»sult is obtained by multiplying 12.72*] x 40, which 
gives 509.04. 

To facilitate the computation of horse-power con- 
stants, Table No. 1 is appended, giving the areas of 
circles of various diameters. 
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(CHAPTER XII. 

STEAM ACCOUNTED FOR BY INDICATOR 
DIAGRAM. 

If the indicator diagram is studied with a view to 
learning all that it shows with reference to the econ- 
omy with which the steam is used, it is desirable to 
ascertain from the diagram what is termed the " steam 
accounted for by the indicator ; " that is, the number 
of pounds of steam tliat would be used by the en- 
gine, providing that all the steam that passed through 
the cylinder was revealed by the diagram, and that 
there was no loss by condensation in the cylinder 
or by leakage of the valves and pistons. One method 
of computing this quantity is to calculate the weight 
of the steam present in the cylinder at the point de- 
sired, by first ascertaining the volume of the cylinder 
at that point, expressed in cubic feet, multiplying 
that volume by the weight of one cul)ic foot of steam 
having the pressure shown by the indicator at that 
point, sul)tracting from this product the weight of 
the steam retained in the cylinder at the closing of 
the exhaust- valve, determined in a similar way, mul- 
tiplying the difference l)y the number of strokes 
made by the engine i)er hour, and dividing the prod- 
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uct by the indicated horse-power. Although this 
determines the quantity desired, it is a somewhat 
elaborate calculation, and a somewhat round-about 
method of aniving at the object. The calculation 
can be simplified as follows : The weight of steam 
found by the above calculation is equal to V x N x 60 
X steam accounted for by indicator per unit of vol- 
ume, in which formula " V " is the volume of the 
cylinder in cubic feet (not including clearance) 
and "N" is the number of stroke? per minute. 
The horse-power develojjed, as pointed out in Chap- 
ter XL, is PLAN divided by 33,000 ; consequently, 
the steam accounted for by the indicator per L H. P. 
per hour is expressed by the formula : 

33,000 X V X N X 60 ^^ ^ ^ ^ 

^^ y—r ,r;p = Steaiii accounted for 

PLAN 

by indicator per unit of vohime. 
The volume of the cylinder equals the product of 
the area by the length of the stroke, that is, 

144 
Substituting this value of " V " the fraction becomes 

33,000 X L A N X 60 , , ,. . 13750 

— ZTTT — -,. , . ^T » ^i^d by cancellation, . 

144. X PLAN ^ m.e.p. 

As thus simplified, the steam accounted for by the 

indicator can be readily computed from the diagram 

without reference to the size of the cylinder. The 

computation is made by the use of the formula 

^i^[(C + E)xWc-(H-hE)xAVh] 
m.e.p. "-^ ^ ^ ^ -■ 
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and the quantity found is the weight of steam per 
I. H. P. per hour. 

In this formula, the symbol " m. e. p." is the mean 
effective pressure, determined as pointed out in a 
previous chapter. If the engine is a compound, 
triple-expansion, or other multiple-expansion engine, 
the quantity to be used for the m. e. p. is the total 
or combined m. e. p. of the whole engine, referred to 
the cylinder for wliich the calculation is being made, 
whichever this may be. For example, if the mean 
effective pressure in the II. P. cylinder of a compound 
engine is 40 lbs., that in the L. P. cylinder 10 lbs., 
and the ratio of volumes of the twp cylinders 
3.75 to 1, the quantity to be used in working out 
the steam accounted for in the H. P. cylinder is 
40 + (10 X 3.75) = 77.5. The quantity to use in the 

case of the L. P. cylinder is 10+ ^ -r = 20.67. The 

symbol "C" refers to the proportion of the stroke com- 
pleted at the point on the expansion line of the dia- 
gram where the computation is made (generally the 
points of cut-off and release shown in Fig. 9). The 
symbol " H " refers to the proportion of the return 
stroke completed at the compression point, shown in 
Fig. 9 ; and the symbol " E " refers to the proportion 
that the clearance space bears to the piston displace- 
ment. The proportions C and H are found from the 
diagram in question. The symbol " Wc" refers to the 
weight of one cubic foot of steam, having the pressure 
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shown at the point where the computation is made, 
whether it be the cut-off or the release ; and the sym- 
bol *' Wh " refers to the weight of one cubic foot of 
steam having the pressure found at the compression 
point. The weiglits of steam are taken from Reg- 
nault's Steam Table, which are given in Table No. 5. 

The pressures measured from the diagram should 
be those referred to zero, which is 14.7 lbs. below 
the atmosphere when the barometric pressure is 29.92 
inches. If the pressure of the atmosphere varies 
from this point, the number of pounds to be added 
to the pressure above the atmosphere, measured from 
the diagram, may be obtained by multiplying the 
barometric pressure in inches by ;491. 

As an example, showing the method of computing 
the steam accounted for, take the case of a simple 
condenshig engine in which the various measure- 
ments are as follows : — 

Clearance, 2%, or 02 

Cut-off pressure above zero 75.0 lbs. 

Release pressure above ztro lo.o lbs. 

(Compression pressure above zero 3. lbs. 

Mean effective pressure 37.17 lbs. 

Proportion of direct stroke completed at cut-off . . .172 

Proportion of direct stroke completed at release . . .003 

Proportion of return stroke uncompleted at compression .048 

Referring to Table No. 5 the weight of one cubic 
foot of steam at the cut-off pressure is .1773 lbs.; at 
the release pressure, .0899 lbs. ; and at the com- 
pression pressure, .0085 pounds. 
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Substituting these various quantities in the for- 
mula, Ave have the following : — 

Steam accounted for at cut-off = -;i=-^^ [(-l^^ 4- .02) 

37.17 ^^ ^ 

X .1773 - (.048 + .02) x .0085] = 369.9 x (.03404 

- .00056) = 369.9 x .03348 = 12.39 lbs. 

Steam accounted for at release = ■ J ^ ^ [(.903 -f- .02) 

3<.1< ^^ ^ 

X .0399 - (.048 -f .02) x .0085] = 369.9 (.03682 

- .00056) = 369.9 x .03626 = 13.41 lbs. 

To enable this formula to be more conveniently 
used, Table No. 4 is api)ended, giving the quantity 

13,750 , . ^ . 

lor various mean enective pressures running 

m.e.p. 

from 10 lbs. jjer square inch up to 200 lbs. per 

square inch. 
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CHAPTER XIII. 
CYLINDER CONDENSATION AND LEAKAGE. 

If it were not for cylinder condensation and leak- 
age, the steam accounted for by the indicator (see 
previous chapter) would represent the actual amount 
of steam consumed by an engine. Whatever the 
class of engine, or the condition of pressure, speed, 
or cut-off, under which it works, there is always a 
considerable difference between the actual consump- 
tion and that represented by the steam accounted 
for, excepting in engines using steam which is super- 
heated to such a degree as to suppress it. In tight 
engines of the single-cylinder class running under 
ordinary conditions, the percentage of difference 
varies from 15% to 50% according as the cut-off is 
long or short, and the difference is due mainly, to 
cylinder condensation. The appended chart, Fig. 17, 
which is taken from the writer's book of " Engine 
Tests," shows the variation in the percentage of 
steam not accounted for (i. e,, condensation and leak- 
age) in tight or nearly tight engines, as based oh 
actual results. 

This chart is useful as a means of determining 
fi-om the indicator-diagram wliat the actual steam- 
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consumption of a given engine per I. H. P. per hour 
should be if the valves and piston are practically 
tight, and the steam supplied is ordinary saturated 
steam. To- use it for this purpose, divide the num- 
ber representing the steam accounted for by the iiir 
dicator at cut-off, determhied, as pointed out in the 
previous chapter, by a decimal fraction representing 
the difference between 100 <% and the percentiige 
measured from the chart at the proper point of cut- 
off, and the quotient is the actual consumption sought. 
For example, if the steam accounted for by the indica- 
to r is 2 ^ lbs. p^r i. H. P. per hour, and the cut-off is 
15%, the corresponding percentage of condensation 
and leakage measured on a vertical line to the curve 
is about 35%. The difference Ijetvveen 100% and 
35% is 65%, which, expressed as a decimal fraction, 
is 0.65. Dividing 20 by .65 we have 30.8 lbs., as 
the probable consumption of steam in such an engine 
with tight valves and piston. 
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CHAPTER XIV. 

COMBINING DIAGRAMS. 

In compound, triple, and otlier multiple-expansion 
engines, much information can be obtiiined regarding 
the manner in which the expansive force of the steam 
is utilized in its passage tlirough the various 
cylinders, by converting the actual diagrams taken 
with the indicator into what is called a " combined " 
diagram. The object of combining diagrams is to 
show graphically, on the same scale of volume, the 
actions going on in all the cylindei^. The combined 
diagram shows, so far as such a thing is possible, the 
effect that would be produced if all the operations 
were carried on in the low-pressure cylinder. In 
constructing the diagram, the principle to be borne 
in mind is to produce a combination such that the 
volume and pressure of the steam at any j)oint of 
the stroke in either cylinder can be measured or 
observed at a glance without mentally, or otherwise, 
taking into account the difference in volume of the 
cylinders from which the diagrams are taken. The 
most important information which the combined 
diagram reveals, is the loss of area due to imi)erfect 
expansion, to wire-drawing, to friction of ports and 
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passages, and to cleamnce. If the Qugiiie were 
perfect, the expansion lines of the individual 
diagrams would, in their new positions, fomi an 
almost continuous expansion line ; and there would 
be no gap, or uncovered area, between the contiguous 
parts of the various diagrams ; so that, as a whole, 
the diagrams would form a continuous inclosed area. 
In so far as the area is not continuous, and departs 
from the theoretical expansion line, the steam and 
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Fig. 18. (H. P. Cyl.) 

zero lines of i)ressure, and the line of no clearance, 
the various operations of admission, exi)ansion, etc., 
are imi)erfectly carried out. 

The simplest process of combining diagrams, is 
that applying to the receiver-type of compound, or 
other multiple expansion engine, in which each 
cylinder is provided with a complete set of valves 
acting independently, there being an intermediate 
receiver into which the steam exhausts from the first 
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cylinder before passing on to the next. The method 
of laying out a combined diagram in such a case is 
shown in Figs. 18 to 20. 

The prcjfcess of combining the diagrams is as fol- 
lows : Inclose the high-pressure diagram in the 
rectangle " ABDC," and divide it by vertical lines 
into ten equal parts ; likewise inclose the low-pres- 
sure diagram in the rectangle " EFHG," the line 
" GH " being the zero line parallel to the atmos- 
l^heric line " FV;" that is, it is placed at a distance 
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Fig. 19. (L. r. Cyl.) 



from '' rV " representing 14.7 lbs. vacuum when the 
barometer is 29.92 inches. If the barometer indi- 
cates any other atmospheric pressure, the quantity to 
be used in place of 14.7 is the reading of the barom- 
eter in inches multiplied by .491. Divide, also, the 
rectangle inclosing the low-pressure diagram, into 
ten equal parts. At the points where the various 
lines of division cross the diagram, make a sharp- 
pointed dot with a pencil, so as to clearly locate the 
intersection. 

Lay off the zero line of the combined diagram 
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" OT " and the atmospheric line " RQ," and draw 
the perpendicular line of no volume " TS." It is 
suggested that a scale of 20 lbs. per inch is an 
appropriate one for ordinary 
pressuit's, althongli any other 
^eale may h* taken, ^^elect 
any desired U^iigth for the low- 
lire^sui^ diagram. A length of 
4 to 6 inches is convenient in 
Mi(tst cnses. Determine, also, 
Iht^ percent;^ge of cleamnee of 
(nitdi r^linder, either from the 
huilrler.s of the engine, or from 
tlic workin^f dni wings of the 
r\l indole; itnd valves, or hy 
iiftnal measurement ohtained by 
tilling up the cleamnce ^'llares 
\\'n\i water, nnd determinint^ tlie 
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Fig. 20. Combined Diagram. 

amount of water required. Having determined the 
length of the low-pressure diagram, locate the point 
" P " at such a distance from " T " that the distance 
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" PT," divided by " OP," the length of the diagram, 
is the same proportion as the percentage of clearance. 
Then draw the rectangle " OMNP,'' the line " MN " 
being placed at a sufficient height to inclose the new 
diagram, the same as in Fig. 18. Next divide the 
distance " OP " by the ratio of volumes of the two 
cylinders. This ratio is found in cases where the 
stroke of the two cylinders is the same, by dividing 
the net area of the L. P. piston by the net area of 
the H. P. piston. The quotient obtained by divid- 
ing '* OP " by the ratio mentioned is the length 
" KL " of the high-pressure part of the combined 
diagram. Having found this length, it is then mul- 
tiplied by the percentage of clearance of the H. P. 
cylinder, and the product is the distance *'LQ." 
Lay off from point "Q" the distance thus determined, 
and then draw the rectangle " JIKL" inclosing the 
desired high-pressure part of the combined diagram. 
To make this process i)erfectly clear, suppose, for ex- 
ample, that the ratio of volumes of the two cylin- 
ders is 4 to 1 ; assume the length of the low-pressure 
diagram " OP " to be 5 inches ; and the percentage 
of clearance of the two cylinders to be 2% and 3% 
respectively. Then we have the distance " PT " for 
the low-pressure diagram 3% of 5 inches or .15 inch, 
and the distance " KL " for the high-pressure diagram 
5 inches divided by 4, or 1.25 inches; also, the dis- 
tance " LQ," 2% of 1.25 inches, or .025 inch. 

Now divide each of these inclosing rectangles 
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into ten equal parts, by drawing vertical lines the 
same as on the two original diagrams. Measure the 
pressures on the high-pressure diagram, Fig. 18, at 
the two points of intersection on the firet line of di- 
vision. Mark th^se points on the first line of 
division of the combined diagram, using the scale of 
the spring selected. Likewise, measure the pressures 
at the tvyo intersecting points on the H. P. diagram 
on the second line of division, and mark these points 
on the second line of division of the combined dia- 
gram, using the scale selected. Do the same, also, 
for the third line of division, and so on, until all the 
various points have l)een transferred from the origi- 
nal diagrams to the combined diagram. Do the same 
on the low-pi*essure diagram ; and when all the points 
have been located, draw a curve through them, con- 
necting them in the same manner as they are in the 
original diagrams, and the resulting figures are the 
desired combined diagram. Next, draw the theoreti- 
cal curve " WX " through the point of cut-off " H. P. 
Cyl., this usually being a hyperbola. Assuming, now, 
that the theoretical expansion occurs in accordance 
with the curve just drawn, then the relation which 
the collective area of the combined diagram, which is 
shaded, bears to the entire area included between the 
curve " WX," the zero line " OT," and the line of 
no clearance " T8," shows the diagram-efficiency with 
which the steam is worked referred to theoretically 
j)erfect conditions ; and the difference between the 
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shaded area of the combined diagram and the area 
inelosed hi the figure '* WXOTS " represents the 
diagram-losses due to the departure from theoreti- 
cally perfect conditions. 

The method of laying out the combined diagram 
for a compound engine of the Wolff type is some- 
what different from that employed in the case of a 
receiver engine. In the Wolff engine there is no 
receiver and no independent steam-valve for the low- 
pressure cylinder. The low-pressure cylinder begins 
to take steam when the high-pressure cylinder begins 
to exhaust, and steam is admitted to the low-pres- 
sure cylinder during the whole or a part of .the time 
that the high-pressure cylinder is exhausting. For 
this reason, the expanding steam occupies a volume 
made up of two parts, — that of the steam in the low- 
pressure cylinder with its clearance space, and that 
of the steam in communication with it which still 
remains in the H. P. cylinder and in the clearance 
space of that cylinder. In laying out such diagrams 
the principle before stated should be kept in mind ; 
that is, the combined diagram should, so far as pos- 
sible, show the volume of the steam at any point of 
the stroke in either cylinder. 

Note. — The hyperbola is a curve in which the pressure at any point, 
measured from the zero line, is inversely proportional to the volume meas- 
ured from the clearance line. For example : If the pressure at the cut-otf 
is 100 lbs. and the cut-olF point is at 25 per cent of the stroke, including 
clearance, the pressure at the end of the stroke on the hyperbolic curve is 
25 per cent of 100, or 25 lbs. 
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CHAPTER XV. 

STEAM-PIPE DIAGRAMS. 

A USEFUL application of the indicator lies in 
taking steam-pipe diagrams, and thereby determining 
the action of the steam in the supply pipe of the 
engine, and whether the pipe is of sufficient capacity. 
An indicator-cock is attached to the pipe at some 
point where the instrument may be conveniently 
operated by the same reducing motion as that used 
on the cylinders, and the diagrams are taken in the 
same manner as the ordinary indicator diagrams. It 
is well to take the pipe diagram on tlie same blank 
card as the cylinder diagram, transferring the instru- 
ment from one point to the other without removing 
the paper from the drum. The relation of one to 
the other can then be seen at a glance, and the losses 
of pressure between the two can be readily meas- 
ured. To make the comparison to the best advan- 
tage the driving-cords should be adjusted so that tlie 
two diagrams are located one directly above the 
other, the ends being in the same perjiendicular line. 
Diagrams from the steam-chest of the engine furnish 
similar information regarding loss of pressure in the 
valve-ports and steam-chest passages, and- these 
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should ))e taken in addition to the steam-pii^e 
diagram. 

Saini)le8 of diagniiiis taken from the steam-pi jje 
and steam-cliest of tlie same engine are shown in 
Figs. 21 and 22. Another taken fiom a steam-chest 
is shown in Fig. 23. In both of the diagrams from 
the steam-chest it will be observed that the same 
changes of pressure occurred in the steam-chest as in 
the cylinder during admission, the one being at all 
points coincident with the other. The reason for 
the admission line in these cases showing a marked 
departure frcmi the horizontal line of a perfect dia- 
f^ram is thus proved to be some cause acting between 
the steam-port and the boiler, and not a restricted 
area of oixjning through the port itself. 
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CHAPTER XVI. 

LEAKAGE-TESTS OF VALVES AND PISTONS. 

The indicator finds an incidental use in connec- 
tion with engine-testing for leakage examinations of 
valves and pistons when these are undertaken by 
what is termed the " time method." When steam is 
admitted to a tight cylinder for a sufficient time to 
thoroughly heat the metal, and the supply is then 
shut off, the pressure gradually falls as the cylinder 
cools and the steam condenses, eventually coming 
down to zero. In an engine with tight valves and 
piston, and steam admitted in this manner, starting 
with a pressure of 100 lbs., the rate at which the 
pressure falls is so slow that from ten to fifteen min- 
utes time elapses before the steam wholly disappears 
and comes down to the pressure of the atmosphere. 
When, on the contrary, the valves and piston leak, 
the length of time which the pressure is maintained 
is reduced ; and, if the leakage is serious, it is meas- 
ured by seconds rather than by minutes. Not infre- 
quently in a leaking engine, the pressure will entirely 
disappear in fifteen seconds after closing the supply- 
valve. To use the indicator in connection with 
leakage tests, it is applied to the indicator-cock on 
the cylinder, the same as in taking diagrams. The 
engine being at rest, with the piston near the dead 
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center, or at any other point if the fly-wheel is 
blocked, and the valves being in such position as to 
admit steam to the cylinder at whichever end it is 
desired to make the test, the throttle-valve is opened, 
and the full pressure admitted until the cylinder is 
thoroughly heated. The atmospheric line having 
previously been drawn, the indicator-cock is opened 
and a pressure line is taken ; this being done by pull- 
ing the drum by hand the same as in testing springs. 
The throttle is then closed, and the time noted when 
it reaches its seat. Thereafter, at regular intervals 
of say fifteen or thirty seconds, tlie cock is again 
opened, and pressure lines again drawn, one after 
another, as long as any pressui-e remains. A record 
of the pressure as it becomes less and less is thus 
obtained, and the rate of its decrease can be meas- 
ured from these lines when the card is removed. 
By comparing this rate in any case with that ob- 
tained in some similar engine which may be taken as 
representative of tight conditions, the observer can 
judge of the relative extent of the leakage. 

Figs. 24 and 25 show the records obtained on two 
time-tests of this kind, the former being taken from 
an unusually tight engine, and the latter from one in 
whicli there was excessive leakage, this being located 
in the exhaust-valves. In the first, the pressure fell 
from 81 lbs. to 11 lbs. in 14 minutes, whereas in the 
second the pressure dropped a like amount in about 
ten seconds. 
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Pig. 24. 
Time Test -Tight Engine. 

Elapsed Time. Tight Engine. 

Stai-t 81. lbs. 

J min. 61. " 

2 *^ "~ " 49. " 



4 




38. " 


6 




31. " 


8 


'* _ 


_^ .- _ . 25. " 


10 


a 


OA ic 


JO. " 


12 


" 


15. '^ 


14 




11. '' 






Atinos. Line 



122 THE STAR IMPROVED INDICATOR. 



Fig. 25. 
Time Test - Leaking Engine. 

Elatsed Time. Pressure. 

Start 90 lbs. 



5 sec. - __ _ 33 ii 

10 ^' 1(5 « 
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TABLE No. 1. 

AuEAS OF Circles iiAvixci Diamhteks VAiniNi; fhom 
1 Inch to 120 Inchej*. 
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*•'•* 


-*z SV* 


l-^ 


I-J7 tycr. 


21^1 


S42.250 


11* 


•-<■ -t:; 


I""« 


2*'I ••:»2 


21 


346.361 


1'* 


i<^ -'>«:; 


>;^ 


3»4 =!•-. 


21 i 


:^50.497 


»^; 


;<*,« 4»r* 


1": 


:2ii»7.:>l 


^^X 


:554.657 


11; 


I Ml •»^.; 


*r; ■ 


2l'»5fi^7 


— * * 


:558.841 


llr 


I'Ci'^r^M. 


vy 


21:> !S!.5 


21; 


:)6:J.051 


ii! 


V^iVA* 


i-^: 


217."77 


ill 


:567.284 


"i 


V^AZ\ 


i^y, 


i2".:J.>i 


21f 


. 371.543 


ll' 


110.75:? 


i4 


22:J-«>.54 


^n 


37-5.826 


VI 


ll:{Ji/^7 


17 


22«.5«?J 


22 


:«0.133 


121 


llo.4t« 


ITt 


2:*i.:J^) 


22^ 


384 465 


12J- 


117.g.S!i 


1"; 


2:i5.7a5 


22 


:588.822 


1-^1 


1-20.276 


IT: 


2:^7.104 


22 


:59:5.203 


121 


122.718 


171 


240..528 


. 22i 


397.608 


VI\ 


12.5.181 


IT^ 


24:5.977 


^1 


402.038 


\'2i 


127.67G 


1"4 


247.450 


22? 


406.493 


12| 


1.30. 11»2 


iTi 


250.047 


22| 


410.972 


1.3 


132.7:12 


18 


2.54.469 


23 


41.5.476 


1-^i 


1.3-5.-297 


1^1 


2.38.016 


231 


420.004 


\?>\ 


l:57.88fi 


18} 


261.587 


231 


424.557 


y-n 


140.. 5U0 


18^ 


2(M.182 


23| 


429.135 


1.-51 


14:^.1.39 


18.» 


268.80:5 


23.V 


4:53.731 


1-5^ 


14.5.802 


1^1 


272.447 


23| 


4:58.363 


i:)f 


148.480 ' 


18| 


276 117 


23] 


443.014 


13 


I0I.20I 


isf 


279.811 


23| 


447.699 


14 


15.3.9.38 


19 


283.529 


24 


452.390 


HJ 


1.56.699 


19^ 


287.272 


, ^4, 


457.115 


14^ 


159.485 


194 1 


291.039 


24r 


461.864 


14J 


162.295 


19| ! 


294.831 


24v 


466.638 


14,« 


105.180 


19.V 


298 648 


24 » 


471.436 


14^ 


107.989 


^n , 


302.489 


24j 


476 259 


14] 


170.87.3 


19J ' 


306.355 


24J 


481.106 


178.782 


19| i 


310.245 


24J 


485.978 


15 


176.715 


20 


314.160 


, 25 


490.875 


1'>1 


179.672 


20; 


318.099 


1 25J- 


495.796 


l.V, 


182.654 


201- 


322.063 


251 


5(X).741 


ir,j 


185. 6(n 


20i 1 


326.051 


1 25-i 


505.711 


ir,i 


188.692 


20'. ' 


3:30.064 


25l 


510.706 


K)i 


191.748 


20- 


334.101 


25| 


515.725 


ir,. 


194 828 


20-1 i 


338.163 


25} 


520.769 
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TABLE No. l. — {CorUinued.) 



DiAM 


A UK A 


DiAM. 


Ark A. 


DiA.M. 


Ark A 


IN 


IN Squark 


IN 


IN SqI'ARK 


IN 


IN S<iUARK 


iNrilKS. 

2"»i 


lN<HKS. 

525.837 


iNfllES. 


Inchks. 
791.732 


IXCHKS. 

41} 


INIHES. 


31} 


1,309.00 


26 


530.930 


32 


804.249 


42 


1,385.44 


26^ 


53({.047 


32^ 

32i 


810.8()5 


421 


1,401.98 


2Ci 


541.189 


829.578 


42.V 


1,418.02 


20J- 


546.350 


32} 


842.390 


42} 


1,435.50 


26.i 


551.547 


33 


855.30 


43* 


1,452.20 


26J 


550.702 , 


33^ 
32., 


868.30 


43^ 


1,409.13 


20} 


502.002 


881.41 


4^5.1 


1,480.17 


26| 


667.207 


33} 


894.01 


43} 


1,503.30 


27 


572. 5S0 , 


34 


907.92 


44 


1,520.53 


27^ 


577.870 


34} 

34V 


921.32 


44} 


1,537.80 


27i 


583.208 1 


934.82 


44 .y 


1,655.28 


27| 


588 571 


34} 


948.41 


44} 


1,572.81 


27^ 


593.958 1 


35 


902.11 


45 


1,690.43 


27 1 


599.370 


35} 


975.90 


45} 


1,008.16 


27i 

27J 


604.807 


3.VV 


989.80 


45V 


1,025.97 


($10,208 


35} 


1,003.78 


45} 


1.043.89 


28 


615.753 


36 


1,017.87 


40 


1,061.90 


28} 


621.203 


36 r 


1,032.00 


40 J 


1,080.01 


28r 


020.798 : 


36., 


1,040.35 


40V 


1,098.23 


28^ 


032.357 1 


30v 


1,000.73 


40} 


1,710.54 


28^ 


037.941 


37 


1,07521 


47 


1,734.94 


28^ 


043.594 i 


37} 
37 V 


1,089.79 


47t 


1,753.45 


28J 


049.182 


1,104.40 


1 47^ 


1,772.05 


28| 


054.839 


37} 


1,119.24 


47^ 


1,790.70 


29 


660.521 


38 


1,134.11 


48 


1,809.50 


29} 


666.227 


38} 


1,149.08 


' 48.- 
48, 


1,828.40 


29} 


671.958 


38} 


1,104.15 


1,847.45 


29i 


677.714 


38} 


1,179.32 


48} 


1,800.55 


29^ 


683.494 


39 


1,194.50 


49 


1,885.74 


29| 


689.298 


39^ 
39j 


1,209.95 


49} 


1,906.03 


29| 
29J 


695.128 


1,226.42 


1 49V 


1,924.42 


700.981 


39} 


1,240.08 


49} 


1,943.91 


3r 


706.860 


40 


1,260.60 


50 


1.903.50 


30} 
30 V 


718.690 


40^ 


1.272.39 


50 V 


2,002.90 


730.618 


40} 


1,288.25 


51' 


2,042.82 


30} 


742.644 


40} 


1,304.20 


51. V 


2,083.07 


31 


754.709 


41 


1,320.25 


52 


2,123 72 


31} 
31. V 


766.992 


41} 


1,330.40 


i 52 V 


2,104.76 


779.313 


41, 


1,352.05 


1 53" 


2,200.18 
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TABLE No. 1. — {Continued) 



J)1AM. 


Ark A 


DiAM. 


Area 


DiAM. 


Area 


IN 


IN Sqi'aue 


JN 


IN Square 


IN 


IN Square 


Inches. 


iNCHKS. 

2,248.01 


Inches. 

68 V 


Inches. 


lN<HES. 


Inches. 


63V 


3,685.29 ; 


92 


6,647.62 


54" 


2,290.22 


69' 


3,739.28 ! 


93 


6,792.^)2 


54V 


2,332 83 


6H 


3,793.07 


94 


6,939.79 


55" 


2,375.83 


70" 


3,848.46 


95 


7,088.23 


55 V 


2,419.22 


70.1 


3,903.03 


?.6 


7,238 24 


5(r 


2,403.01 


71" 


3,959.20 ' 


97 


7,389.?0 


m 


2,507.19 i 


71V 


4,015.16 1 


98 


7,542.96 


57 


2,551.76 


72" 


4,071.51 


99 


7,697.68 


575 


2,596.72 1 


72V 


4,128.25 


100 


7.854,00 


58 


2,642.08 1 


73 


4,185.39 


101 


8,011.86 


58 .V 


2,687.83 


73V 


4,242.92 ! 


102 


8,171.28 


59^ 


2.733.97 


74 


4,300.85 , 


103 


8,332.29 


50^ 


2,780.51 


74i 


4,359.16 


104 


8,494.87 


60" 


2,827.44 


75 


4,417:87 


105 


8.669.01 


60 V 


2,874.76 


70 


4,536.47 


106 


8,824.73 


61" 


2,922 47 


77 


4,(556.63 


107 


8,€92.02 


01 V 


2,970.57 


78 


4,778.37 


108 , 


9,160.88 


62" 


3,019.07 


79 


4,r01.G8 


1 109 


9,331.32 


02 V 


3,007.10 


80 


5,026.56 


' 110 


9,503.32 


03 


3,117.25 


81 


5,153.00 1 


111 


9,676.89 


6:VV 


3,100.92 


82 


5,281.02 : 


112 


9,852.03 


64" 


3,210.99 1 


83 


5,410.62 


113 


10,028.75 


64 V 


3,2(57.40 ! 


84 


5,541.78 


114 


10,207.03 


65 


3,318.31 


85 


5,674.51 


115 


10,386.89 


65.V 


3,309.50 


8(5 


5,808.81 


116 


10,5(^8 32 


00" 


3,421.20 


87 


5,944 69 


117 


10,751.32 


()0.V 


3,473.23 


88 


6,082 13 


118 


10,935.88 


07^ 


3,525.02 


89 


0,221.15 


119 


11,122.02 


07 V 


3,578.47 


90 


6,361.74 


120 


11,309.73 


08" 


3,031.08 


91 


6,503 89 1 
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TABLE No. 2. 

IIoRSK-PowER Constants. 
1 Lb. M.K.P., 1 Ft. per Min. 



DlAMl 
1N< 

Cylix- 

DKK. 


£TKR IN 
HKS. 

Hod. 


H.-r. 

CON.STANTS. 


DiAMETKR IX 
IXC'HKS. 


ll.-P. 

CON.ST.ANTS. 


Cylin- 
der. 

40 


Koi). 


10 


1.75 


.00234 


5.5 


.03772 


11 


1.87 


.00284 


41 


5.02 


.031^3 


12 


2.00 


.00338 


42 


6.76 


.04159 


n 


2.12 


.00397 


43 


5.87 


.04300 


14 


2.25 


.00400 


44 0.00 


.04506 


lo 


2.37 


.00529 


40 0.75 


.0498 


10 


2.5 


.00002 


1 48 


7.00 


.05424 


17 


2.02 


.0008 


; 50 


7.25 


.05888 


18 


2.75 


.00702 


52 


7.5 


.00308 


10 


2.87 


.00849 


54 


7.75 


.00808 


20 


3.00 


.00941 


50 


8.00 


.07388 


21 


3.12 


.01038 


, 58 


8.25 


.07924 


22 


3.25 


.01139 


00 , 8.5 


.08484 


2:} 


3.37 


.01245 


02 ; 8.75 


.09050 


24 


3.5 


.01350 


04 1 9.00 


.09052 


2o 


3.02 


.01472 


00 


9.25 


.10204 


20 


3.75 


.01592 


08 


9.5 


.10890 


27 


3.87 


.01717 


70 


9.75 


.11548 


28 


4.00 


.01847 


75 


10.37 


.1320 


29 


4.12 


.01981 


80 


11.00 


.15088 


30 


4.25 


.02121 


85 


12.00 


.17024 


31 


4 37 


.02204 


90 


13.00 


.19077 


32 


4 5 


.02413 


95 


13.75 


.21255 


33 


4.02 


.02500 


100 


14.5 


.23552 


34 


4.75 


.02724 


i 120 


17.00 


.3101)0 


35 


4.87 


.02887 








30 


5. 


.03055 








37 


5.12 


.03227 








38 


6.25 


.03404 








39 


6.37 


.03586 
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fi. 




m 




y. 








Ph 




fi 


^ 








y, 




-< 


i 


a 


> 


fin 


< 


ai 


^Fti 


H 


2 


o 




Q 


Q 




U 


H 




PL. 


u^ 




^ 


0^ 



o 
I 



ct -t; i^ ii o 

*-■ Z". TC -S' i-r 



S2S gSi^g 



*:■ 5! r: t ^ 






^^3?: 









I - « j^ IS "t 

^ L- I- OS n 



iri 1 - c 5? p; 



<i ™ Ti ^i » 



(M S'l Tf« »- O 



t-:oo;oi>. «-f"i-i»QO weoi-ii-iW 



t-oCo^e? SSSoJO QO^-^i-p ^t^i-SS 
^T-1,-1 rii-cM^cl c^ecMfC^ ■^•*»aia»o 












eo ic o X 00 



III 






t- 1-H go It- OT 

T-; O O ^5 O 
CO CO ^ ^ Ifi 



O C^l 0^ rj< r^ 

iO»Ot>00 



53 CI 53 c<J «o 

S?§^§§8 

00 ci©^,-^ 



ift © )fl r^ o 

§r:oS82 



cl lO © u; ^ 









-SS w© 

^" "rfl «c5 CJ gi 






© C» ^ c5 00 



.5^3 



t<SC5eO 3©rfS? 






00 00 »-1<© 
^a* U5 'O t- OS 



OOTf©-!f 00 



<N «£»,Q0 © CI 



:j 00 CO «5 to 



9.36 
11 3G 
13.52 
15.88 
18.4 

21.16 

24.08 

27.2 

80.48 

33.96 


37.6i 
41.52 
45.56 
49.80 
54.24 


58 88 
63.68 
68.68 
73.88 
79.24 



l^^^H 



iri^ <NC»c»coeo 



eoioiooo M 
t> 1^ 13 Ci -i; 
eo ^' ^* ^ j^ 



'XI 'cioH xoxsij 
do aaiHKViQ 



i-:»©©ci eoio»i>:oo ©*^caco>q &i>:oc©S3 
i-Ii-Icicici cicicicici cococoioeo cococotj^tj? 



•XI 'HHuxnAO S;:^^;: ^2^22S g^r^^jq^ l^^g^S? 
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S«2gU 



WnOiXXN i-l»3^(NlO OCSt-OiO ©?l'*-a«<* -^rM^caA (NOO-^©-^ S^tHIOOQO 

§r^4SJi iSiS^ 55§8^ii 35^iS2i Sji^Sg gS3S^ S?5gg| 
Sb?2t^S ««*i| SSS22 ^S5::S§ g523§S5l i^55^!§ SSi^i 

?5322*^^ ^c^S^^ ??S35«)« oo^?5SS §5^S^3 SJSgg^^S ^ScoS^S 

gsi§§ ma irnii MM^ mii ma liiii 
H%u n^nn^ nn^n ssiii %um mn% ^Mn% 

SSSJ5S 5iSSS?3 g5S^^S*S:i ^uHi ^^S35 SSS?^g i3^3i 



Soc5«50 St2t2oS ©t2}2oc5 ©©©©© ©©©©© ©©©©© ©^^©© 

§-5S:S3 ^l88Si ^888:? ^i^4^ gSSsiS^ ^S*gS?2 §8g|^ 
2iS33S SSSc28 o»o|S;h ^g^;!^ 2S?3?35; Sssss^ §^2SS 

SiN^i^fM ^^C?!nQ «oi9^©*5 ©?*-i«-*Tf« -"^NSNOO-O (M«<Tf«©rj» <Nc2tS(;OQ0 

stiiM ^ssgs MiM MiM MMi iiiM siisi 

is^iss §§§si s§§si a.^^^^ tu^^'^ ^^r^co^ siss^ 

S;iSS2 i^^^^ i^i^^ i^^^i ^si^4i 535S^ ^§8Jig 



<N»to?»oo •#©'*x© -!»j'X)oq©© ©oq?o«oo ooooo(?i^ oq(N«ooa> oq"^©.'«jj(N 

^'c4c4M-t t^»-Jio©i^' -Tii^^co o-ft-^Mco ^--r^'-S? c4cs©<Nt^ 5Jia^"©cJ 

SibaO'H-* U^'^sQ'H »o©c5t.i-i oQOi-t-t- i-ofc©»Hf5 >2t^©iQrH ©'-iC'-'a 

^Jj^ioS io-o33t- i-i-a55o(5> 5sS — TIM 2!'^®*'-' SSS^S^ S^SSJjJS 



O-"*^?! 



Si§S3S§ ?^S2i g83?5§^3 <NgS^?2 §§5??JS §3§^S SScSSg 

^Sg|| g|g|3 gglSI iiiii lilll 2|S|| iigii 

liiii Sg^ii^ ili^s gi§g§ liiSi iiisi iiiig 

«««2S ;:SSJ2;5 SSSSiS SjJSJ^i'rl ^?3i?i^^' 5J^^SS SJ2^*3SS 



j ^rtioS^ o5©2h!^c5 lo^t^oqq ^©c5»«^ oS^5lOl2© c^»qi"3co© ©©^o© 

'T-r-^'^'r -iSiOLOiota wiaiaia® ^t-'t-'t^i- oooooooocs 05C5oic3»-5 ciMP0'H3i> 

^y^Un^ ^a'^^?in §:?^5:? 5?^S33 SSSS3 SSgi2S Sg§8^ 
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TABLE No. 4. 



Table of Coefficiknts, 



13750 
M.E.P.' 



M.E.P. 


13750 


M.E.P. 


13750 


M.E.P. 


13750 


M.E.P. 


137r>0 


10.0 


M. K. P. 




M.E.P. 




M.E.P. 




M.E.P. 


1375.0 


17.0 


808.8 


24.0 


572.9 


31.0 


443.5 


.2 


1348. 


.2 


799.4 


.2 


568.2 


.2 


440.7 


.4 


1322.1 


.4 


790.2 


.4 


563.5 


.4 


437.9 


.6 


1297.1 


.0 


781.2 


.6 


558.9 


.6 


435.1 


.8 


1273.1 


.8 


772.5 


.8 


5^54.4 


.8 


432.4 


11.0 


1250. 


18.0 


763.9 


25.0 


550. 


32.0 


429.7 


.2 


1227.7 


.2 


755.5 


.2 


545.6 


.2 


427. 


.4 


1206.1 


.4 


747.3 


.4 


541.8 


.4 


424.4 


.0 


1185.4 


.6 


739.2 


.6 


537.1 


.6 


421.8 


.^ 


1165.3 


.8 


731.4 


.8 


532.9 


.8 


419.2 


12.0 


1145.8 


19.0 


723.7 


26.0 


528.8 


33.0 


416.7 


.2 


1127.1 


.2 


716.1 


.2 


524 8 


.2 


414.1 


.4 


1108.9 


.4 


708.8 


.4 


520.8 


.4 


411.7 


.6 


1091.3 


.6 


701.5 


.6 


516.9 


.6 


409.2 


.8 


1074.2 


.8 


694.4 


.8 


513. 


.8 


406.8 


13.0 


1057.7 


20.0 


687.5 


27.0 


509.2 


34.0 


404.4 


.2 


1041.7 


.2 


680.7 


.2 


505.5 


.2 


402. 


.4 


1026.1 


.4 


674.0 


.4 


501.8 


.4 


399.7 


.6 


1011. 


.6 


667.5 


.6 


498.2 , 


.6 


397.4 


.8 


996.4 


.8 


flfel.l 


.8 


494.6 , 


.8 


395.1 


14.0 


982.1 


21.0 


654.8 


28.0 


491.1 


35.0 


392.8 


.2 


968.3 


.2 


648.6 


.2 


487.6 


.2 


390.6 


.4 


954.9 


.4 


642.5 


.4 


484.2 


.4 


388.4 


.6 


941.8 


.6 


636.6 


.6 


480.8 


.6 


886.2 


.8 


929.0 


.8 


630.7 


.8 


477.4 


.8 


384.1 


15.0 


916.7 


22.0 


625.0 


29.0 


474.1 


36.0 


381.9 


.2 


904.6 


.2 


619.4 


.2 


470.9 


.2 


379.8 


.4 


892.9 


.4 


613.8 


.4 


467.7 


.4 


377.7 


.6 


881.4 


.6 


608.4 


.6 


464.5 


.6 


375.7 


.8 


870.2 


.8 


603 1 


.8 


461.4 


.8 


373.6 


16.0 


859.4 


23.0 


597.8 


;^.o 


458.3 


37.0 


371.6 


.2 


848.8 


.2 


592.7 


.2 


455.3 


.2 


369.6 


.4 


838.4 


.4 


587.6 


4 


452.3 


.4 


367.6 


.6 


828 3 


.0 


582.6 


.6 


449.3 


.6 


365.7 


.8 


818.4 


.8 


577.7 


.8 


446.4 


.8 


363.7 
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TABLE No. 4^. — (CorUinued.) 



M.E.P. 


13750 


1 M.E.P. 


13750 


' M.E.P. 


: 13750 


M.E.P. 


13750 


38.0 


M.K.P. 




M.E.1\ 




M.E.P. 




M.E.P. 


361.8 


46.0 


298.9 


' 54.0 


254.6 


62.0 


221.8 


.2 


359.9 


.2 


297.6 


.2 


253.6 


.2 


221.1 


.4 


358.1 


.4 


296.3 


.4 


252.7 


.4 


220.3 


.0 


356.2 


.6 


296.0 


.6 


251.8 


.6 


219.6 


.8 


354 4 


.8 


293.8 


.8 


250.9 


.8 


218.9 


yo.o 


352.6 


47.0 


292.5 


55.0 


260.0 


63.0 


218.2 


.2 


350.8 


.2 


291.3 


.2 


249.1 


.2 


217.6 


.4 


349.0 


.4 


290.0 


.4 


248.2 


.4 


216.9 


.6 


347.2 


.6 


288.8 


.6 


247.3 


.6 


216.2 


.8 


345.6 


.8 


287.6 


.8 


246.4 


.8 


215.5 


40.0 


343.8 


; 48.0 


286.4 


50.0 


246.5 


64.0 


214.8 


.2 


342.0 


.2 


285.2 


.2 


244.6 


.2 


214.2 


.4 


340.3 


.4 


284.1 


.4 


243.8 


.4 


218.5 


.6 


338.7 


.6 


282.9 


.6 


242.9 


.6 


212.8 


.8 


337. 


.8 


281.7 


.8 


242.1 


.8 


212.2 


41.0 


335.3 


49.0 


280.6 


57.0 


241.2 


05.0 


211.5 


.2 


333.7 


.2 


279.4 


.2 


240.4 


.2 


210.9 


.4 


832.1 


.4 


278.3 


.4 


239.5 


.4 


210.2 


.6 


330.5 


.6 


277.2 


.0 


238.7 


.6 


209.6 


.8 


328.9 


.8 


276.1 


.8 


23Y.8 


.8 


208.9 


42.0 


327.4 


50.0 


275.0 


58.0 


237.0 


66.0 


208.3 


.2 


325.8 


.2 


273.9 


.2 


236.2 


.2 


207.7 


.4 


324.3 


.4 


272 8 


.4 


235.4 


.4 


207.1 


.6 


322.8 


i •« 


271.7 


.6 


234.6 


.6 


206.4 


.8 


321.3 


! .8 


270.6 


.8 


233 8 


.8 


205.8 


43.0 


319.8 


51.0 


269.6 


69.0 


233.0 


67.0 


205.2 


.2 


318.3 


.2 


268.5 


.2 


232.2 


.2 


204.6 


.4 


315.8 


.4 


267.5 


.4 


231.4 


.4 


204.0 


.6 


315.4 


.6 


266.4 


.6 


230.7 


.6 


203.4 


.8 


313.9 


.8 


266.4 


.8 


229.9 


.8 


202.8 


44.0 


312.5 


52.0 


264.4 


60.0 


229.2 


68.0 


202.2 


.2 


311.1 


.2 


263.4 


.2 


228.4 


.2 


201.6 


.4 


309.7 


.4 


262.4 


.4 


227.6 


.4 


201.0 


.6 


308.3 


.6 


261.4 


.6 


226.9 


.6 


200.4 


.8 


306.9 


.8 


260.4 


.8 


226.1 


.8 


199.8 


45.0 


305.6 


53.0 


259.4 


61.0 


226.4 


69.0 


199 3 


.2 


304.2 


.2 


258.4 


.2 


224.7 


.2 


1987 


.4 


302.9 


.4 


257.5 


.4 


223.9 


.4 


198.1 


.6 


301.5 


.6 


256 5 


.6 


223.2 


.6 


197.6 


.8 


300.2 


.8 


255.5 


.8 


222.5 


.8 


197.0 
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TABLE No. ^.^ (Continued.) 





13750 




13750 




13750 




13750 


M.K.P. 




M.E.r. 




M.E.r. 




M.E.P. 






m:e.p. 

106.4 


78.0 


M.E.P. 




M.E.P. 




M.E.P. 


70.0 


176.3 


86.0 


159.9 


94.0 


146.3 


.2 


105.0 


.2 


175.8 


.2 


159.5 


.2 


146. 


.4 


195.3 


.4 


175 4 


A 


159.1 


.4 


145.6 


.6 


194.7 


.6 


174.9 


.6 


158.7 


.6 


145.3 


.8 


194.2 


.8 


174.5 


.8 


158.4 


.8 


145. 


71.0 


193.6 


79.0 


174.1 


87.0 


158.0 


95.0 


144.7 


.2 


193.1 


.2 


173.6 


.2 


157.7 


.2 


144;4 


.4 


192.5 


.4 


173.2 


.4 


157.3 


.3 


144.1 


.() 


192.0 


.6 


172.7 


.6 


157.0 


.6 


148.8 


.8 


191.5 


.8 


172.3 


.8 


156.6 


.8 


143.5 


72.0 


191.0 


80.0 


171.9 


88.0 


156.2 


96.0 


143.2 


.2 


190.4 


.2 


171.4 


.2 


155.9 


.2 


142.9 


.4 


189.9 


.4 


171.0 


.4 


155.5 


.4 


142.6 


.0 


189.4 


.6 


170.6 


.6 


155.2 


.6 


142.3 


.8 


188.9 


.8 


170.2 


.8 


154.8 


.8 


142. 


73.0 


188.3 


81.0 


169.7 


89.0 


154.5 


97.0 


141.7 


.2 


187.8 


.2 


169.3 


.2 


154.1 


.2 


141.4 


.4 


187.3 


.4 


168.9 


.4 


153.8 


.4 


141.2 


.6 


186.8 


..6 


168.5 


.6 


153.6 


.6 


140.9 


.8 


186.8 


.8 


168.1 


.8 


153.1 


.8 


140.6 


74.0 


185.8 


82.0 


167.7 


90.0 


152.8 


98.0 


140.3 


.2 


185.3 


.2 


167.2 


.2 


152.4 


.2 


140. 


.4 


184.8 


.4 


166.9 


.4 


152 1 


.4 


189.7 


.6 


184.3 


.6 


166.4 


.6 


151.7 


.6 


139.4 


.8 


183.8 


.8 


166.1 


.8 


161.4 


.8 


139.1 


75.0 


183.3 


83.0 


165.6 


91.0 


151.1 


99.0 


138.9 


.2 


182.8 


.2 


165.3 


.2 


150.8 


.2 


138.6 


.4 


182.3 


.4 


164.8 


.3 


150.5 


.4 


138.3 


.6 


181.9 


.6 


164.5 


.6 


150.1 


.6 


138. 


.8 


181.4 


.8 


164.1 


.8 


149.8 


.8 


137.8 


76.0 


180.9 


84.0 


163.7 


92.0 


149.5 


,100 


137.5 


.2 


180.4 


.2 


163.3 


.2 


149.2 


1 


136.14 


.4 


180.0 


.4 


162.9 


.4 


148.8 


2 


134.8 


.6 


179.5 


.6 


162.5 


.6 


148.5 


3 


133.6 


.8 


179.0 


.8 


162 1 


.8 


148.2 


4 


132.21 


77.0 


178.6 


85.0 


161.7 


93.0 


147.9 


105 


130.95 


.2 


178.1 


.2 


161.4 


.2 


147.5 


6 


129.71 


.4 


177.6 


.4 


161.0 


.4 


147.2 


7 


128.5 


.0 


177.2 


.6 


160.6 


.6 


146.9 


8 


127.31 


.8 


176.7 


.8 


160.2 


.8 


146.6 


9 


126.15 
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TABLE No. ^. — (Continued.) 



M.E.P. 



110 
1 
2 

4 

115 

6 

7 

8 

9 

120 

1 
2 

8 

4 

125 

(5 

7 

8 



130 

1 



13750^ 
M.E.P. 

125. 

123.88 

122.77 

121.68 

120.61 

119.57 

118.54 

117.52 

116.53 

115.55 

114.58 

113.64 

112.71 

111.79 

110.89* 

110. 

109.13 

108.27 

107.42 

106.59 

101.77 

104.96 

104.17 



M.E.P. 



13750 
M.E.P. 



123 
4 

135 
6 
7 
8 
9 

140 
1 
2 
3 
4 

145 
6 
7 
8 
9 

150 
1 
2 
3 
4 

155 



103.38 
102.61 
101.85 
101.10 
100.36 
99 64 
98.92 
98.21 
97.52 
96.83 
96.15 
95.49 
94.83 
94.18 
93.54 
92.91 
92 28 
91.67 
91.06 
90.46 
89.87 
89.29 
88.71 



M.E.P. 



13T50 
M.E.P". 



I M.E.P. 



13750 
M.E.P. 



156 


88.14 


7 


87.59 


8 


87.03 


9 


86.48 


160 


85.94 


1 


. 85.40 


2 


84.88 


3 


84.36 


4 


83.84 


165 


83.33 


6 


82.83 


7 


82.34 


8 


81.85 


9 


81.36 


170 


80.88 


1 


80.41 


2 


79.94 


3 


79.48 


4 


79.02 


175 


78.57 


6 


78.13 


j 7 


77.68 


8 


77.25 



179 

180 
1 
2 
3 
4 

185 
6 
7 
8 
9 

190 
1 
2 
3 
4 

195 
6 
7 
8 
9 

200 



76.82 
76.39 
75.97 
75.55 
75.14 
74.73 
74.32 
73.93 
73.53 
73.14 
72.75 
72.37 
71.99 
71.62 
71.25 
70.88 
70.51 
70.15 
69.80 
69.44 
69.10 
68.75 
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TABLE No. 5. 

Steam Tables. 



PRESSrRE 


Tem- 


Total Heat Above 


Wewht per Cu. Ft. 


Above 


pera TUKE 


0° Fahb. 


B. T. U. 


IN Lbs. 


LB8. 


Fahb. 










Steam. 


Water. 


Steam. 


1 Water. 


.25 


59.5 


1132. 


69.5 


.00081 


62.37 


.50 


79.7 


8.3 


79.7 


.00157 




.75 


92.5 


1142.1 


92 6 


.00229 




1. 


102.1 


6.1 


102.1 


.00299 


62.00 


2. 


126.3 


1152.5 


126.4 


.00577 




3. 


141.6 


7.1 


141.9 


.00848 




4. 


153.1 


1160.6 


153.4 


.01112 


61.12 


5. 


162.3 


3.4 


162.7 


.01373 




0. 


170.1 


6.8 


170.6 


.01631 




7. 


176.9 


7.9 


7.4 


.018^ 


60.62 


8. 


182.9 


9.7 


183.5 


.02140 




y. 


188.3 


1171.4 


8.9 


.02391 




10. 


193.2 


2.9 


193.9 


.02641 


60.24 


11. 


197 8 


4.3 


8.5 


.02889 




12. 


202.0 


6.5 


202.7 


.03136 




13. 


205.9 


6.9 


6.7 


.03381 




14. 


209.6 


7.9 


210.4 


.03625 




14.7 


212. 


8.6 


2.9 


.03794 


69.76 


15. 


213.0 


.9 


3.9 


.03868 




10. 


216.3 


9.9 


7.3 


.04110 




17. 


219.4 


1180.9 


220.4 


.04352 




18. 


222.4 


1.8 


3.4 


.04592 




19. 


225.2 


2.6 


6.3 


.04831 




20. 


227.9 


3.5 


9.0 


.06070 




21. 


230.5 


4.2 


2317 


.05308 




22. 


233.0 


6.0 


4.2 


.05545 




23. 


235.4 


.7 


6.7 


.05782 




24. 


237 8 


6.5 


9.0 


.06018 




25. 


240.0 


7.1 


241.3 


.06263 


69.10 


26. 


242.2 


.8 


3.5 


.06487 




27. 


244.3 


8.4 


5.7 


.06721 




28. 


246.3 


.1 


7.7 


.06956 




29. 


248.3 


9.7 


9.8 


.07188 
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TABLE No. 5. ^(Continued.) 



PRKSSURE 


Tem- 


Total Heat Above 
(P Fahr. B. T. U. 


Weight per Cu. Ft. 
IN Lbs. 


ABOVE 

Lbs. 


perature 
Fahr. 














Steam. 


Water. 


Steam. 


Water. 


30. 


250.2 


1190.3 


251.7 


.07420 




31. 


252.1 


.8 


3.6 


.07652 




32. 


254.0 


1.4 


6.5 


.07884 




33. 


255.7 


.9 


7.3 


.08116 




34. 


257.5 


2.5 


9.1 


.08346 




35. 


269.2 


3.0 


260.8 


.08576 




36. 


260.8 


.5 


2.5 


.08806 




37. 


262.5 


4.0 


4.1 


.09035 




38. 


264.0 


.5 


6.8 


.09264 




39. 


266.6 


.9 


7.4 


.09493 




40. 


267.1 


5.4 


8.9 


.09721 




41. 


268.6 


.9 


270.5 


.09949 




42. 


270.1 


6.3 


2.0 


.1018 




43. 


271.5 


.7 


3.4 


.1040 




44. 


272.9 


7.2 


4.9 


.1063 




45. 


274.3 


.6 


6.3 


.1086 


58.08 


40. 


275.7 


8.0 


7.7 


.1108 




47. 


277.0 


.4 


9.0 


.1131 




48. 


278.3 


.8 


280.4 


.1163 




49. 


279.6 


9.2 


1.7 


.1176 




60. 


280.9 


.6 


3.0 


.1198 




51. 


282.1 


1200.0 


4.2 


.1221 




52. 


283.3 


.4 


6.6 


.1243 




53. 


284.5 


.7 


6.7 


.1266 




54. 


285.7 


1.1 


8.0 


.1288 




55. 


286.9 


.4 


9.2 


.1311 




56. 


288.1 


.8 


290.3 


.1333 




57. 


289.1 


2.1 


1.5. 


.1365 




58. 


290.3 


.6 


2.7 


.1377 




59. 


291.4 


.8 


3.8 


.1400 




60. 


292.5 


3.2 


4.9 


.1422 




61. 


293.6 


.5 


6.0 


.1444 




62. 


294.7 


.8 


7.1 


.1466 




63. 


296.7 


4.1 


8.2 


.1488 




64. 


296.8 


.4 


9.2 


.1511 
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TABT.Tl No. 5.— {CorUinued.) 



Prkssi-rk 


Tk.m- 


Total Heat Above 
0^ Fahr. B. T. U. 


WEir.HT PER Cr. Ft. 
jx Lhh. 


Above 

J^BS. 


pekatire 
Fahr. 








Steam. 
1204.8 


Water. 


Steam. 


Water. 


65. 


297.8 


;i00.3 


.1633 


67.33 


m. 


298.8 


5.1 


1.3 


.1555 




67. 


299.8 


.4 


2.4 


.1577 




68. 


300.8 


.7 


3.4 


.1599 




69. 


301.8 


0.0 


4.4 


.1621 




70. 


302.7 


.3 


6.4 


.1643 




71. 


303.7 


.6 


6.4 


.1665 




72. 


304.6 


.8 


7.3 


.1687 




73. 


305.6 


7.1 


8.3 


.1709 




74. 


306.6 


.4 


9.2 


.1731 




75. 


307.4 


.7 


310.2 


.1753 




76. 


308.3 


8.0 


1.1 


.1776 




77. 


309.2 


.2 


2.0 


.1797 




78. 


310.1 


.5 


2.9 


:1819 




71). 


310.9 


.8 


3.8 


.1810 




80. 


311.8 


9.0 


4.7 


.1862 




81. 


312.7 


.3 


6.6 


.1884 




82. 


313.5 


.6 1 6.6 


.1906 




83. 


314.4 


.8 


7.3 


.1928 




84. 


3152 


1210.1 


8.2 


.1950 




86. 


316.0 


.3 


9.0 


.1971 


66.72 


86. 


316.8 


.6 


.9 


.1993 




87. 


317.7 


.8 


320.7 


.2016 




88. 


3186 


1.1 


1.5 


.2036 




89. 


319.3 


.3 


2.4 


.2068 




90. 


320.0 


.6 


3.2 


.2080 




91. 


320.8 


.8 


4.0 


.2102 




92. 


321.6 


2.0 


.8 


.2123 




t)3. 


322 4 


.3 


6.6 


.2146 




94. 


323.1 


.5 


6.4 


• .2166 




96. 


323.9 


.7 


7.1 


.2188 




96. 


324.6 


3.0 


.9 


.2210 




97. 


325.4 


.2 


8.7 


.2231 




98. 


326.1 


4 


9.4 


.2253 




99. 


326.8 


.6 


330.2 


.2274 
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TABLE No. 5. — {Continued,) 



PRK«81TRE 


Tkm- 


Total Hkat Abovk 
0^ Fahr. B. T. U. 


Wkioht per Cu. Ft. 

IN I.BS. 


Above 

LiBS. 


PERATURK 

Fahr. 






















Steam. 
1213.8 


Water. 


Steam. 


Water. 


100. 


327.6 


330.9 


.2296 


1 


101. 


328.3 


4.1 


1.7 


.2317 




102. 


329.0 


.3 


2.4 


.2339 




103. 


329.7 


.5 


3.1 


.2360 




104. 


330.4 


.7 


.9 


.2382 




105. 


331.1 


.9 


4.6 


.2403 


56.20 


106. 


331.8 


5.1 


5.3 


.2426 




107. 


332.5 


.4 


6.4 


.2446 




108. 


333.2 


.6 


.7 


.2467 




109. 


333.9 


.8 


7.4 


.2489 




110. 


334.5 


6.0 


8.1 


.2510 




111. 


:^5.2 


.2 


.8 


.2531 




112. 


335.9 


.4 


9.5 


.2563 




113. 


336.5 


.6 


340.2 


.2674 




114. 


337.2 


.8 


.8 


.2696 




115. 


337.8 


7.0 


1.5 


.2617 




116. 


338.5 


.2 


2.2 


.2638 




117. 


339.1 


.4 


.8 


.2660 




118. 


339.7 


.6 


3.5 


.2681 




119. 


340.4 


.8 


4.1 


.2703 




120. 


341.0 


.9 


.8 


.2724 




121. 


341,6 


8.1 


5.4 


.2745 




122. 


342.2 


.3 


6.1 


.2766 




123. 


342.9 


.5 


.7 


.2788 




124. 


343.5 


.7 


7.3 


.2809 




125. 


344.1 


.9 


8.0 


.2830 


55.73 


126. 


344.7 


9.1 


.6- 


.2851 




127. 


345.3 


.3 


9.2 


.2872 




128. 


345.9 


.4 


.8 


.2894 




129. 


346.5 


.6 


350.4 


.2916 




130. 


347.1 


.8 


1.1 


.2936 




131. 


347.6 


1220 


-7 


.2957 




132. 


348.2 


.2 


2.3 


.2978 




183. 


348.8 


.3 


.8 


.3000 




134. 


349.4 


.5 


3.5 


.3021 
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TABLE No. 5.— (Continued.) 



Pressure 


Tem- 


Total Heat Above 
0° Fahb. B. T. U. 


Wei«ht per Cu. Ft. 
IX Lbs. 


Above 
Lbs. 


perature 
Fahr. 






















Steam. 


Water. 


Steam. 


Water. 


135. 


350.0 


1220.7 


354.1 


.3042 




136. 


350.5 


.9 


.6 


.3063 




137: 


351.1 


1.0 


5.2 


.3084 




138. 


351.8 


.2 


.8 


.3105 




139. 


352.2 


.4 


6.4 


.3126 




140. 


352.8 


.5 


7.0 


.3147 




141. 


353.3 


.7 


.5 


.3169 




142. 


353.9 


.9 


8.1 


.3190 




143. 


S54.4 


2.0 


.7 


.3211 




144. 


355.0 


.2 


9.2 


.3232 




146. 


355.5 


.4 


.8 


.3253 


65.32 


146. 


356.0 


.5 


360.4 


.3274 




147. 


fe6.6 


.7 


.9 


.3295 




148. 


357. L 


.9 


1.5 


.3316 




149. 


857.6 


3.0 


2.0 


.3337 




150. 


358.2 


.2 


.6 


.3358 




151. 


358.7 


.3 


3.1 


.3379 




152. 


359.2 


.5 


.6 


.3400 




153. 


369.7 


.7 


4.2 


.3421 




154. 


360.2 


.8 


.7 


.3442 




155. 


360.7 


4.0 


5.2 


.3463 




156. 


361.3 


.1 


.8 


.3483 




157. 


361.8 


.3 


6.3 


.3504 




158. 


362.3 


.4 


.8 


.3525 




159. 


362.8 


.6 


7.3 


.3546 




160. 


363.3 


.7 


.9 


.3567 




161. 


363.8 


.9 


8.4 


.3588 




162. 


364.3 


5.0 


.9 


.3609 




163. 


364.8 


.2 


9.4 


.3630 




164. 


365.3 


.3 


.9 


.3650 




165. 


366.7 


.5 


370.4 


.3671 


54.96 


166. 


366.2 


.6 


.9 


.3692 




167. 


366.7 


.8 


1.4 


.3713 




168. 


367.2 


.9 


.9 


.3734 




169. 


^67.7 


6.1 


2.4 


.3754 
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TABLE No. 5. — (Continued.) 







Total Heat Above 


Weight per Cu. Ft. 


pRKS.su RE 


Tem- 


Qo Fahr. 


B. T. U. 


IN Lbs. 


ABOVE 

Lbs. 


perature 
Fahr. 


















Steam. 


Water. 


Steam. Water. 


170. 


3(58.2 


1226.2 


372.9 


.3775 




171. 


368.6 


.4 


3.4 


.3796 




172. 


369 1 


.5 


.9 


.8817 




178. 


369.6 


.7 


4.4 


.3888 




174. 


370 


.8 


.9 


.8858 




175. 


370.5 


.9 


5.4 


.8879 




176. 


371.0 


7.1 


.9 


.3900 




177. 


371.4 


.2 


6.8 


.3921 




178. 


371.9 


.4 


.8 


.3942 




179. 


372.4 


.5 


7.8 


.3962 




180. 


372.8 


.7 


.8 


.3983 




181. 


373.3 


.8 


8.8 


.4004 




182. 


373.7 


.9 


.7 


.4025 




183. 


374.2 


8.1 


9.2 


.4046 




184. 


374.6 


.2 


.7 


.4066 




185. 


375 1 


.3 


880.1 


.4087 


54.60 


186. 


375.5 


.5 


.6 


.4108 




187. 


375.9 


.6 


1.1 


.4129 




188. 


376.4 


.7 


.5 


.4150 




189. 


376.9 


.9 


2.0 


.4170 




190. 


377.3 


9.0 


.4 


.4191 




191. 


377.7 


.1 


.9 


.4212 




192. 


378.2 


.3 


3.3 


.4233 




193. 


3786 


.4 


.8 


.4254 




194. 


379.0 


.5 


4.2 


.4275 




196. 


379.5 


.7 


.7 


.4296 




196. 


380.0 


.« 


5.1 


.4317 




197. 


380.3 


.9 


.6 


.4387 




198. 


880.7 


1280.1 


6.0 


.4358 




199. 


381.2 


.2 


.4 


.4879 




200. 


881.6 


.8 


.9 


.4400 




201, 


882.0 


.4 


7.8 


.4420 




202. 


382.4 


.6 


.8 


.4441 




208. 


882.8 


.7 


8.2 


.4462 




204. 


383.2 


.8 


.6 


.4482 
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'TABLE No. 5. — {Continued.) 



Prekhire 


Tem- 


Total Heat Above 
(F Fahr. B. T. U. 


Wei(;ht per Cr. Ft. 
IX Lbs. 


ABi)VK 


PERATl'RE 










Lus. 


Fa 11 It. 










Steam. 


Water. 


Steam. 


Water. 


205. 


383.7 


1231.0 


389.1 


.4503 


64.27 


206. 


384.1 


.1 


.5 


.4523 




207. 


384.5 


.2 


.9 


.4544 




208. 


384.9 


.3 


390.3 


.4564 




209. 


385.3 


.5 


.8 


.4585 




210. 


385.7 


.6 


1.2 


.4605 




211. 


386.1 


.7 


.6 


.4626 




212. 


386.5 


.8 


2.0 


.4646 




213. 


386.9 


.9 


.4 


.4667 




214. 


387.3 


2.1 


.9 


.4687 




215. 


387.7 


.2 


3.3 


.4707 




220. 


389.7 


.8 


4.2 


.4852 




225. 


391.7 


3.4 


6.2 


.4957 


53.96 


230. 


393.6 


4.0 


8.2 


.5061 




235. 


395.5 


.5 


400.1 


.5165 




240. 


397.3 


5.1 


2.0 


.5270 




245. 


399.1 


.6 


3.9 


.5374 


53.68 


250. 


400.9 


6.2 


5.8 


.5478 




260. 


404.4 


7.3 


9.4 


.5686 




270. 


407.8 


8.3 


412.9 


.5894 




280. 


411. 


9.3 


6.3 


.6101 


53.22 


290. 


414.2 


12403 


9.7 


.6308 




300. 


417.4 


1.2 


422.9 


.6515 




350. 


432. 


5.7 


438.3 


.7545 




400. 


444.9 


9.7 


452.8 


.8572 


51.87 


500. 


467.4 


1256.5 


475.5 


1.062 




600. 


486.9 


1262.5 


496.2 


1.266 




700. 


504.1 


1267.7 


514.4 


1.470 




800. 


519.6 


1272.3 


530.9 


1.674 


48.80 


900. 


533.7 


1276 7 


546.0 


li,878 




1000. 


646.8 


1280.7 


560.3 


2".082 
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